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THESIS SLCTION 
study of muscle cell surface membrane (sarcolemma) was 
hampered by the difficulty in 'isolating it in pure form. From 
time to time, several methods were reported for the prepara-
tion of plasma membrane from various muscles. These methods 
involve prolonged (16-3 0 hrs) salt extraction which may 
result into the damage of enzyme activities. Drastic homoge-
nization procedure followed by density gradient centrifugation 
was used extensi'orely which gives membrane a vesicular form. 
But these preparations were contaminated with other subcellu-
lar membranes. Moreover, drastic homogenization and high 
speed centrifugation were deleterious for enzyme activities. 
In order to overcome the above drawbacks a rapid and 
simple method was developed for the preparation of the sarco-
lemma from frog skeletal muscle. Property of toluene to make 
membrane permeable in bacteria and nuclei for large molecules 
has been previously shown. But this property of toluene was 
used for the first time in muscle to prepare sarcolemma. 
Skeletal muscle cell fragments made permeable to lithium 
2 
bromide by the treatment of toluene^ lithium bromide extracts 
out all the intracellular materials in a short period of five 
hours only, leaving behind the pure sarcolemma. 
The final sarcolemmal preparation was hollow, transpa-
rent and tube like in appearance when observed under phase 
contrast microscope. Toluene makes holes on the surface of 
membrane, which facilitates the rapid extraction of intrace-
llular material by LiBr. 
Sarcolemmal preparation was devoid of any other subce-
llular contamination as evident Jby the characterization of 
sarcolemma by its clear transparent morphological appearance, 
specific chemical composition and enzymatic markers. 
Cholesterol:phospholipid ratio was 0.33 in our sarcole-
mmal preparation. It was in confirmity with the values repor-
ted by others for plasma membrane. Phospholipid composition, 
i.e. phosphatidyl-choline, phosphatidyl ethanolamine, phospha-
tidylserine, lysophophatidyl choline and sphingomyelin was in 
the same order as reported by other investigators. For further 
chemical composition total carbohydrate, total sulfhydryl con-
tent, sialic acid, DNA and RNA were also measured. 
Among enaymatic markers (Na + K )-ATPase specific 
activity was 11.54, which is higher when compared to other 
reported values in sarcolemma. 5'-Nucleotidase an ectoenzyme 
and phosphodiesterase I were also assayed as membrane markers 
and significant activities were present. K -activated ouabain 
sensitive p-nitrophenyl phosphatase, acid phosphatase (pH 5.5), 
alkaline phosphatase (pH 7.5) and inorganic pyrophosphatase 
were also present. 
Since in sarcolemma PM forms the enzymatically active 
layer, the marker enzymes of PM were used as the positive mar-
kers for characterization of sarcolemma, while SDH and Myosin-
ATPase were used as negative markers. 
SDS-polyacrylamide gel electrophoretic profile of pro-
tein shows 11 prominent protein bands in sarcolemma under the 
experimental conditions used while four bands for glycoprotein 
were observed by Schiff's-periodic acid reaction. 
The above morphological, chemical, enzymatic and electro-
phoretic results showed that the 'toluene-LiBr' method yields 
pure saroolemma, 
Sarcolemmal preparation was further fractionated into 
its components, viz. plasma membrane and basement membrane. 
Plasma membrane was solubilized by non-ionic detergent triton 
X 100, leaving behind the sediment as basement membrane. Uptil 
now no biochemical study has been reported on the muscle base-
ment membrane, but it was necessary to study its biochemical 
composition due to its importance in transport and diseases. 
Morphologically, the basement mentorane looked like a 
collapsed structure of sarcolemma, when studied under phase 
contrast microscope. Hydroxyproline content, a characteristic 
of collagen and basement membrane was measured and found 
highest in basement membrane. 
Lipid peroxidation was used for the first time as nega-
tive marker for basement membrane. It was highest in plasma 
membrane fraction. Protein distribution was 85% and 15% in 
basement membrane fraction and plasma membrane fraction of sar-
colemma respectively. Sialic acid was higher in plasma memb-
rane fraction. 
5•-Nucleotidase and phosphodiesterase I activity was 
found to be concentrated in the plasma membrane fraction and 
about 10 to 12 fold higher than that in saroolemma and absent 
from basement membrane, 
SDS-polyacrylamide gel electrophoresis was performed 
both for plasma membrane and basement membrane proteins. Seven 
prominent protein bands were observed in basement membrane and 
four in the plasma membrane fraction. 
Effect of various other membrane solubilizing agents 
such as SDS, NaTCA, NaClO and butanol was observed along with 
triton X 100. Different protein profiles were obtained by 
acrylamide gel electrophoresis* but triton x 100 was found most 
suitable for separation of basement membrane from sarcolemma 
when compared with others. 
2+ 2+ 
(Ca + Mg )-ATPase was assayed in the sarcolemmal pre-
paration. It was observed that this enzyme was true sarcolemmal 
2+ 
enzyme probably due to Ca -pump present in the sarcolemma 
and not due to the contamination of sarcoplasmic reticuluiH, 
Because sarcoplasmic reticulum fraction is known to have much 
higher value of (Ca + Mg )-ATPase as compared to the value 
present in the plasma membrane fraction. It is probably due 
2+ to Ca -pump being more active in sarcoplasmic reticulum than 
in the saroolemma. 
2+ 2+ 
Sarcolemmal (Ca + Mg )->^ TPase was very sensitive 
2+ 2+ towards activator ions (Ca and Mg ) ratio. For maximal 
activity of enzyme pH 7.2, temperature 3l°C and 20 minutes 
incubation time was found optimum. This enzyme was stable for 
24 hours at 0°C and can be used for various studies of xenobio-
tics action. 
Effect of pesticides, viz. DDT, BHC, aldrin and endosul-
fan was studied on sarcolemmal (Na + K )-ATPase and 5'-Nuc-
leotidase enzymes. (Na + K )-ATPase was inhibited by these 
pesticides appreciably while on 5'-nucleotidase no effect was 
observed with the concentrations of pesticides tested. 
Effect of fluoride (antichaotropic agent: known to 
stabilize the membrane structure) and nitrate (chaotropic 
agent: known to destabilize the membrane structure) was stu-
died on sarcolemmia. Protein release from sarcolemma by these 
agents at different concentration, pH and temperature was stu-
died. Fluoride was unable to release any protein from sarco-
lemma whereas nitrate released appreciable amount of protein 
at pH 7.0 and 0-5°C, probably due to destabilization of 
6 
membrane by breaking disulfide and H -bonds, which may be 
resulting in solubilization of membrane. 
Effect of fluoride on the 5'-nucleotidase specific acti-
vity of sarcolemma and plasma membrane was studied. Inhibi-
tion was more in case of plasma membrane than in sarcolemma 
perhaps due to the availability of more exposed active sites 
in the soluble plasma membrane than in the sarcolemma, in which 
plasma membrane was encased by the basement membrane. Effect 
of nitrate on (Ca + Mg )-ATPase of sarcolemma was monito-
red. Various concentrations of nitrate from 100 mM to 6 00 mM 
(0.6 M) were tried. The specific activity of enzyme decreased 
with the increase in nitrate concentration. Nitrate in a 
concentration of 0,6 M had maximum inhibition. Same concen-
tration was previously used while studying the effect of 
nitrate as chaotropic agent. Probably, the observed enzyme 
inhibition was due to destabilization of membrane by nitrate 
2+ 2+ 
or inhibition of the active sites of the (Ca + Mg )-ATPase 
of sarcolemma. It seems that nitrate binds to the sarcolemma 
in trace amounts as observed by the measurement with nitrate 
ion electrode. 
Conclusively, our sarcolemmal preparation is suitable 
for morphological, biochemical and toxicological studies. Its 
intact; shape as well as specific chemical composition and mar-
ker enzyme activities make the preparation ideal for various 
studies. The biochemical studies on the three membrane 
7 
preparations, viz. sarcolemrriaj plasma membrane and basement 
membrane altogether make an ideal group for the studies on 
their interaction with xenobiotics, which may result to mus-
cle diseases. 
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Muscle cells have well organized cell membranes which 
are target sites of various stimuli, including nervous 
stimulus. The outer surface membrane of muscle cell has a 
specialized structure known as 'sarcolemma'. The sarcolemma 
is made up of three layers comprising of the outermost protec-
tive layer, mainly of collagen, a middle basement membrane 
and the innermost layer of plasma membrane which envelops the 
itracellular organelles and cytoplasm. 
The plasma membrane regulates the flow of various 
substances and thus determine the bioavailability of extra-
cellular material. Exposed location, structural complexity, 
chemical reactivity and physiological importance of cell 
merobrane altogether make the plasma membrane an ideal matrix 
for the interaction of substances which results in biochemi-
cal, pharmacological and toxicological effects. 
The plasma membrane which is known to be the most 
active layer of sarcolemma is characterized by specific che-
mical composition and enzymatic activity, organization and 
functions. Various methods have been used from time to time 
to isolate the sarcolemmal preparation. Theae methods suffer 
from the demerits of being contaminated with other subcellu-
lar organelles and thus create artifacts in the studies on 
plasma membrane. 
( i i ) 
In the present dissertation, an attempt has been made 
to develop a relatively new technique for the isolation of 
sarcolemma from frog skeletal muscle. The method developed 
is rapid reproducible/ simple and gives good enzyme activi-
ties. Moreover, no drastic chemical or physical treatment is 
required. Success has been achieved in fractionating the 
pure isolated sarcolemma into its components, i.e. plasma 
membrane and basement membrane, which were later characteri-
zed by their specific markers. 
These three preparations, can therefore, satisfacto-
rily be employed for various biochemical as well as toxicolo-
gical studies on plasma membrane, basement membrane and sar-
colemma separately. Biochemical information obtained at the 
molecular level can be used as base, for searching applica-
tions in toxicology. A multilevel approach to the study of 
muscle cell surface membrane (sarcolemma) has been employed 
in the present study. 
Industrial Toxicology Research Centre S.I.Ki. ZAIDI 
Lucknow, India 
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CHAPTER I 
REVIEW OF LITERATURE 
The science of merribranology owes • its origin to the 
pioneering work by German Physiologists and Botanists around 
the middle of the 19th century. Claude Bernard (1857) consi-
dered cell as the unit of living matter. The cell is an orga-
nism in itself„ It has a different internal milieu as compa-
red to the outside. This difference is maintained throughout 
the life of the cell by surface membrane, the plasma membrane. 
Cells have subcellular and extracellular structures 
such as nuclei, mitochondria, ribosomes and lysosomes. Colla-
gen, elastic fibers, cellulose and chitin constitute the 
extracellular structures. Subcellular compartments are the 
morphological entities while the constituents are the bioche-
mical entities which make the components, for example, proteins, 
nucleic acids, etc. 
Claude Bernard (1857) found that the South American arrow 
poison curare blocked transmission of impulses from motor 
nerves to skeletal maascle. Langley (1909) found that curare 
can combine with a substance which triggers the contractile 
response of muscle. Ehrlich (1913) and Langley (1909) 
advocated the physio-chemical interactions of a drug at 
definite sites of action we call receptors- Identification 
and isolation of soluble receptors for steroid hormones began 
in 1960s. Involvement of plasma membrane was latter realized 
during the identification and isolation of acetylcholine and 
adrenaline receptors. 
Plasma merribrane due to its exposed location make it 
the prime target for xenobiotic toxicity. Alterations in 
permeability, active transport, hemolysis and nutrient absorp-
tion have been noticed due to various toxic substances. 
Studies on the structure and function of the biological 
membrane and the binding characteristics of the toxic subs-
tances with the-imembrane, may yield insight into the molecu-
lar mechanism, of the membrane toxicity. As a pre-requisite 
to this study, a purified and well characterized plasma mem-
brane is required. 
In the present studies, a simple method was developed 
for isolation of frog skeletal muscle sarcolemma. The sarco-
lemmal preparation was characterized by morphology, enzymatic 
and chemical make up. Sarcolemma was further siobfractionated 
into plasma merrbrane and basement membrane. Action of some 
toxic substances on these membrane preparations was also 
studied. 
SARCOLEMJ^ iA (Sarx = Flesh; Lemma = Husk) 
It is an excitable covering of muscle fibres in skele-
tal miuscle cells of vertebrates possessing a complex triple 
layered structure. 
The three layers of sarcolemma are as under -
i) The plasma membrane, 
ii) The basement membrane (an extracellular coating made 
up of proteins and polysaccharides), and 
iii) A diffused reticulum of collagen fibrils. 
i) Plasma Membrane (PM) 
From a functional view point the plasma membrane proper 
can be distinguished from its extraneous coats in the follow-
ing ways (Stoeckenius and Engelman, 1959) . 
i) The main permeability barrier is located at the 
innermost layer of sarcolemma, that is, at the 
plasma membrane, 
ii) The innermost layer shows typical membrane proper-
ties, including the presence of firmly bound multi-
enzyme complexes. 
iii) The basement membrane is the protein polysaccharide 
coating and the associated collagen fibrils can be 
removed from the • 'rest of the membrane, which is 
composed of lipids and proteins, without seriously 
impairing the viability of the cell. 
The plasma membrane itself is relatively thin compared 
to the basement membrane, for example, cat and sheep ventri-
cular muscle cells have plasma membrane which is approxima-
tely 9 nm (Fawcett and HcNutt, 1969) and 8 nm (Simpson and 
Oertelis, 1962) wide respectively while barnacle walking leg 
muscle is not 6 nm wide (Brandt _et _al., 1965) . 
The distribution of plasma membrane in muscle cell is 
complex and it needs not be necessarily confined to the peri-
phery of the cell. Electron microscopic studies of muscle 
cells have revealed that spaced tubular invaginations extend 
from the sarcolemma into the cytoplasm. It may be possible 
that lumina of these tubules are continuous with the extra-
cellular phase (Simpson, 1965; Nelson and Benson, 1963; Rayns 
et al., 1968; Fawcett and McNutt, 1969). These inwardly 
directed tubular extensions of the sarcolemma are lined with 
a membrane which is approximately 9 nm wide, continuous and 
almost a functional part of the plasma membrane (Peachey, 
1965; Brandt et _al., 1965; Franzini-Armstrong, 1973). 
(ii) Basement Membrane (BM) 
The basement membrane which covers the PM from outside 
is much thicker than it. For example, in cat ventricular 
and papillary muscle cells, BM is approximately 50 nm thick 
(Fawcett and McNutt, 1969), while in the walking leg muscle 
of barnacle it may be 100 to 3 00 nm thick. Irrespective of 
its thickness, it is this basement membrane which provides 
the immediate environment of the outer surface of the plasma 
membrane and which insulates and/ to some extent, protects the 
PM from the extracellular phase substances. 
The substances either xenobiotics or metabolites have 
to penetrate this thick basement membrane before making any 
contact with enzymatically active plasma membrane. The 
possible significance of the role played by the basement mem-
brane must/ therefore, not be overlooked. 
iii) Collaqen fibrils 
Although fine collagen fibrils are usually aggregated 
in clusters or bundles at the outer surface of basement mem-
brane, collagen fibrils are occasionally found deep with in 
the basement membrane. Irrespective of the exact location 
of these collagen fibrils, whether in the basement membrane 
at 
op/Lts outer margin, their appearance is remarkably uniform,. 
This uniformity persists irrespective of species and irres-
pective of its association with smooth, skeletal or cardiac 
muscle cells. 
IMPORTANCE OF SARCOLEMMA IN EXCITATION-CONTRACTION PHENOMENA 
OF MUSCLE 
Contraction and relaxation of muscle is a membrane 
mediated phenomena. Control is exercised by regulating the 
2+ intracellular Ca concentration. That is, when muscle is 
stimulated by nerve (excitation-contraction coupling), calcium 
is released from the sarcoplasmic -reticulum compartment and 
the calcium concentration in the sarcoplasm rises resulting 
6 
into muscle contraction, while for rnuscle relaxation ccilciuin 
must be pumped back into the sarcoplasmic reticulum compart-
ment, reducing the calcium concentration in the sarcoplasm. 
9-4-
But, the Ca release is not readily studied in isolated 
sarcoplasmic reticulum and little is known about this process 
(Endo, 1977). 
2+ 
The Ca release process involves two types of membra-
nes, the sarcolemma and the sarcoplasmdc reticulum. Both 
membranes are associated in the form of the triadic junction 
which is composed of two terminal cisternae of sarcoplasmic 
reticulum in junctional linkage with the transverse tubule. 
The transverse tubule is the specialized portion of the 
sarcolemma which invaginates and extends transversely into 
the interior of the muscle fiber. Thus, in excitation-con-
traction coupling, the pathway of excitation proceeds first -
a) from nerve to muscle via the neuromuscular junction, 
the junction between nerve and muscle plasma memb-
rane. The action potential continues along, 
b) the sarcolemma and then intracellularly via 
c) the transverse tubule, and 
d) the triadic junction triggering calcium ion release 
from 
e) the terminal cisternae of sarcoplasmic reticulum 
(Fleischer, 1981). 
Transformation between the diastolic and systolic 
states in skeletal, muscle cells reflect a sudden change in 
the intracellular.availability of ionized calcium. However, 
there can be little doubt that the accompanying biochemical 
and biophysical events, shovm diagrammatically (Fig. 1 and 2), 
are not fully understood. According to this outline depola-
rization of the cell membrane results in an inward displace-
ment of Na and Ca across the sarcolemmal complex, and a 
displacement of Ca^ "^  from intracellular binding sites. If, 
as a result of these changes, the intracellular concentra-
tion of Ca exceeds lO" M (Weber _et al., 1967) and provided 
that the appropriate ATPase is active, that sufficient ATP 
is available and that the necessary cofactors are present, 
contraction should occur (Ebashi and Endo, 1968; Katz, 1970; 
Nayler, 1973). Although the diagrammatic scheme is still 
based on many assumptions, it is included here to illustrate 
the relative importance of the role which b(jth the plasma 
membrane and the sarcoplasmic reticulum play in the events 
associated with the transformation of the diastolic to sys-
tolic state in skeletal muscle cells. 
PRESENCE OF 'CALCIUM PUMP' IN SARCOLE^ 4t4A AND ITS ROLE 
2+ Although the intracellular movement of Ca during 
muscle contraction and relaxation have been studied extensi-
vely, the role that Ca flux across the sarcolemma plays in 
excitation-contraction coupling is not well defined, however, 
2+ 
the presence of a Ca -stimulated ATPase in the muscle mem-
brane has been long suspected and its role in the Ca^ "*" efflux 
EXCITATION-CONTRACTION COUPLING 
8 
EXCITATION 
Menibrane d e p o l a r i z a t i o n 
} 
y 
Inward displacement of 
+ (i) Na , and 
(ii) Ca^ "^  
across the sarcolemma 
2+ Displacement of Ca from intracellular binding sites 
(Sarcoplasmic reticulum?) 
- ^ 
Raised myoplasmic Ca 2+ 
"*• 2 + \ - 7 
A c t i v a t o r Ca > 10 'M 
Suppression of inhibitory effect of the troponin tropo-
myosin complex i 
Actin induced activation of myosin ATPase enzyme 
ATP :;:^ ADP + Pi + 'energy' 
Activation of cross bridges ^ -
between actin and myosin 
1 
CONTRACTION 
Fig. 1. Schematic representation of the events involved in the 
transition from diastole to systole in skeletal muscle 
cells (From W.G. Nayler, 1977). 
2+ 
Accvunulation of Ca within the sarcoplasmic reticulum 
^ 2+ 
Reduction in myoplasmic Ca 
/lo-'' M 
Re-emergence of the troponin-tropomyosin induced inhi-
bition of the actin induced activation of myosin >iTPase 
Inhibition of Myosin ATPase activity 
j 
i 
V 
Inactivation of cross-bridge formation 
i 
REI^XATION 
Fig. 2. Schematic representation of events involved in the 
transition from systole to diastole in skeletal 
muscle cells (FromW.G. Nayler, 1977). 
10 
has been considered by some investigators (Sulakhe and Dhalla, 
1971; Daniel et al., 1979). Since Ca "^  efflux from the muscle 
cell occurs against the concentration gradient, it is possible 
that there is a 'calcium pump' present in the muscle sarcole-
7+ 
mma. The Ca -stimulated ATPases have been reported to exist 
in the plasma membrane of several cell types (Di Polo and 
Beaunge, 1979; Lee and Shin, 1969; Sulakhe ot -a_. 
1976), including mtuscle (Peter, 1970; McNamara et _al., 1971; 
Sulakhe et al,, 1973; Daniel et ^ . , 1979). Evidence for the 
2+ 
existence of a distinct ATP driven Ca pump m cardiac sarco-
lemma can be found in recent literature (Hui et a_i., 1975; 
Caroni and Carofoli, 1980; Lamers and Stinis, 1980; Spitzer 
2+ 2+ 
et a_l., 1981), Ca -activated, Mg -dependent ATPase enzyme 
has been reported in cardiac sarcolemma (Trumble et 3^** 1980) 
and in smooth muscle plasma membrane (Kwan, 1982), which was 
found distinctly different from sarcoplasmic reticulum enzyme. 
The presence of such an enzyme in the sarcolemma, necessarily 
2+ imply that a Ca -pump exists, which plays a vital role in 
excitation-contraction phenomena of the muscle. 
ROLE OF BASEMENT MEMBRANE IN STUDIES ON SARCOLEKMA 
Basement membranes are specialized form, of connective 
tissue. They form extracellular matrices and are widely dis-
tributed in almost all organs of the body. The nature of base-
ment membrane has been the subject of several investigations 
which include studies dealing with the morphology, chemistry, 
immunology, biosynthesis and function of these substances. 
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Basement membrane are found adjacent to the specialized 
tissues of the eye, i.e. the lens capsule epithelium. Bowman's 
epithelium of the cornea and the endothelium of Descemet's meni-
brane (Kefalides, 1973). Basement membrane are not related 
structurally, chemically or immunologically to the limiting 
plasma membranes of cells or to the membranes of intracellular 
organelles. The complexity of these structures was first 
suggested from the complete amino acid and carbohydrate analy-
sis of glomerular basement membrane, lens capsule and Desce-
met's membrane (Kefalides and Denduchis, 1969; Kefalides,1973). 
Tw(5 main functions have been ascribed to basement 
mernbranes -
i) support, and 
ii) selective filtration. 
The first property Is best exemplified by the lens capsule, 
which completely envelops the lens. Bowman's capsule which 
holds the capillary tufts of the glomerulus. The filtration 
property of capillary basement membrane is determined by the 
organization of their protein subunits and is best exemplified 
by glomerulus. 
ORGi^ NIZ/^ TION OF THE Plu^St.A I-iEMBRalME 
The identity of plasma membrane is maintained by the 
organization of its components and their specific functional 
properties. 
In the course of differentiation and development of 
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organisms, the biomacromolecules are arranged in ordered fash-
ion in the cell organelles. Proper arrangement of these cell 
organelles further compartmentalize the cells. The plasma mem-
brane, which enclose these organelles and act as a barrier bet-
ween the external environment and the cc.ll contents, itself 
behave in many respects as a dynamic organelle rather than a 
pressure seive or a static border. Any communication received 
or transmitted by the cell requires participation of the plasma 
membrane. The receptors or transmitters are molecules embe-
dded in the membrane. The plasma membrane is programmed to 
receive specific incoming or outgoing messages. 
However, the world of membrane is no longer simple. The 
membrane varies in composition, structure and function from 
species to species from cell to cell and from one intracellu-
lar locale to another- The cell surface programming is under 
the control of genetic material which ultimately controls th • 
fate of the cell. Thus, in defining changes in mentorane progr 
mming and specialization during development and differentiation 
it becomes necessary to determine the origin and source 
plasma meirbrane and its components. 
BIOGENESIS OF PLASMA I^ iEMBRANE 
Plasma membrane consists of lipids, prot.eius -.^ ^ 
hydrates in the form of glycoproteins and glycoiipids. S^all 
amounts of RNA and DMA have been detected Irv v. • 
membrane preparations (Emmelot and Bos, 1972^ K . 
^' ^^/^;, but neither 
Q -
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their function nor they being genuine components of plasma mem-
brane has been definitely established. 
Present evidence indicate that the protein components of 
the plasma membrane are synthesized on the rough endoplasmic 
reticulxom or on free ribosomes (Jamieson and Palade, 1967). The 
glycosylation of proteins take place while the proteins are 
still associated with ribosomes (Hirans et al., 1972). There 
are certain signal sequences of amino acids which recognize the 
place in ER so that the synthesized glycoproteins are stored 
in the vesicles of endoplasmic reticulum and moved to the Golgi 
complex/ where phospholipid is synthesized. These two compo-
nents are then assembled ^ n situ in the Golgi. Golgi vesicles 
containing glycoprotein (or protein) can easily be fused with 
plasma membrane and then the newly synthesized protein is trans-
ferred to the plasma membrane (Campbell and Blobel, 1976) 
(Fig. 3). 
ASSEMBLY OF LIPIDS AND PROTEINS IN MEMBRANE 
It is a property of amphipathic lipids in aqueous solu-
tion to form a bilayer of lowest energy configuration. Proba-
bly, same thing happens during the biological cell membrane 
foinmation (Coleman, 1973). The first important hypothesis of 
the structure of biological membrane was proposed by Davson and 
Danielli in 1943. The important feature of their hypothesis 
is, that membrane contain a continuous hydrocarbon phase con-
tributed by the lipids. Some years later, Robertson (1959) 
modified the hypothesis into "unit membrane hypothesis". The 
Fig. 3. Synthesis, insertion and glycosylation of merribrane 
bound proteins are closely coupled. 
^ased on P.N. Campbell and G. Blobel, FEES Letters, 
72:215 (19762?. 
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unit membrane was proposed to consist of a bilayer of mixed 
polar lipids with their hydrocarbon chain oriented inward, t.5 
form a continuous hydrocarbon phase and their hydrophilic heads 
oriented outward. 
The most satisfactory and favourite model of membrane 
structure today appears to be 'Fluid Mosaic Model' postulated 
by Singer and Nicolson in 1972 (Fig. 4 and 5). The essence of 
their model is that 'membrane are two dimensional solution of 
oriented globular proteins and lipids'. The major features of 
this model are: 
i) Most of the membrane phospholipid and glycolipid molecu-
les are in bilayer form. This lipid bilayer has a dual 
role. It is a solvent for integral membrane proteins and 
it is also a permeability barrier. 
ii) A small proportion of membrane lipids interact specifi-
cally with particular membrane proteins and may be 
essential for their function. 
The lipids (especially phospholipids and cholesterol) 
are arranged in bilayer structure so that their polar hydrophi-
lic water soluble portions are separated by hydrophobic region. 
The lipid layers are two dimensional liquid in which lipid mole-
cules are laterally moving in monolayer. The lipid from one 
polar end to the other polar end cannot move easily. This 
"flip flop" movement is very slow because polar lipid cannot 
easily cross the non-polar hydrophobic region. Sometimes it takes 
Pig. 4. Fluid Mosaic Model 
^ased on S.J. Singer and G.L. Nicolson, Science, 
175: 723 (19722?. 
Fig. 5. Model of the plasma membrane includes proteins and 
c_arbohydrates as well as lipids. 
/Based on H.F. Lodish and J.E. Rothman, Sci. Amer. 
48: (19792?. 
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about a month for a lipid molecule to travel this region. Hov/-
ever, recent findings of Hirata and Axelrod (1980) have shown 
that there are methyltransferases in the membrane which methy-
late the phospholipids and these methylated phospholipids can 
easily translocate from one end to the other, thus reducing 
the viscosity of membrane to allow the passage of signals. 
In the lipid bilayer, the proteins are arranged in 
mosaic fashion which have been divided into two broad catego-
ries. Intrinsic or integral proteins are associated with mem-
brane in a line and permanent fashion. The intrinsic proteins 
are oriented in such a way so that their hydrophobic amino 
acids burried in hydrophobic region of lipid bilayer and polar 
amino acids on the surface. Thus, same type of integral pro-
teins acquire one configuration. On the outerside of the 
integral protein in plasma membrane there are carbohydrate 
residues associated either with integral proteins or with 
lipids. The other category of proteins are extrinsic or peri-
pheral proteins showing a weaker and perhaps more temporary 
association (Guidotti, 1972; Capaldi and Green, 1972; Juliano, 
1973; Bretscher, 1973). 
Specific or selective interactions between lipid and 
proteins may control protein conformation and thus determine 
enzyme activities, antigenic and receptor expressions and 
impose allosteric regulation. The other essential principle 
of plasma membrane is its asymmetric organization, "the outer 
and inner surface layers di-fering in composition and function" 
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This heterogenecity is understandable since the plasma membrane 
forms the contact zones between the cell interior and its 
surroundings/ and thus faces different tasks on its two sides. 
Yet, the two layers act in cooperation being capable of recei-
ving and emitting signals and messages both from inside and 
outside directions. 
FUNCTIONS OF PLASMA ME^^BRANE 
(i) Compartmentation and communication 
The plasma membrane creates the compartment, that pro-
tects the protoplasm and allows the cell to retain the gradi-
ents required for life. The membranes of intracellular orga-
nelles provide the matrix and protection for machineries that 
fulfil specialized functions such as those of mitochondria and 
of nuclei. 
The plasma membrane has devices that permit the import 
from common market of environment of food and ions which have 
appropriate passport of entry. It has also devices that allow 
the export of undesirable metabolites and waste products. 
(ii) Cell-cell interaction 
The interaction between cells is recognised by their 
surface glycoproteins or glycolipids. Lateral movement of mem-
brane component, e.g. glycoproteins, have been proposed to act 
in adhesion and recognition of cells (Roseman, 1970). The 
alignment of normal cells can comie about either through struc-
tural fit of the surface glycoproteins or through glycosyl-
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2+ 
transferase substrate link via Ca ions. 
(iii) Antigenicity 
The sugar residues exposed on the surface of the plasma 
membranes are also responsible for a number of agglutination 
reactions. There are antigenic determinants present on cell 
surface, which regulate the concentration of antigens bound 
to the membrane by a phenomenon designated as 'antigenic modu-
lation'/ i.e. "the movement of antigenic determinants to one 
pole of cell" also called as "cap formation" (de Petris and 
Raff/ 1973) followed by endocytosis. 
As observed by Turkington (1970), the binding of insulin 
receptors on a variety of cell types specifically causes the 
reversible disappearance of these receptors. Similar observa-
tions have been made with other hormones and some neurotrans-
mitters (Selinger and Siren, 1971; Melnion et a_l., 1972). This 
represents important mechanism whereby the concentration of 
hormone or neurotransmitter can control the concentration of 
the specific receptors for the particular substance on the cell 
surface and thereby modulate the cell sensitivity to the hor-
mone or neurotransmitters. 
(iv) Permeability 
The higher molecular weight siJbstances which do not cross 
the membrane, exerts their effects by stimulating specific recep-
tors on membranes surface. B\it the smaller molecules can cross 
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the membrane by number of ways. The sxibstance having high c^ il 
water partition coefficients (hence quite lipophilic) diffuse 
through the membrane at faster rate. 
(v) Membrane Transport 
The simplest mechanism of transport of substances is 
passive, through pores, called simple diffusion or facilitated 
transport or mediated transport. In facilitated diffusion, the 
molecules carried across the menibrane, combines reversibly with 
a carrier in the membrane, which oscillates between the inner 
and outer surfaces. Due to the thinness of the membrane, the 
motion need be only very small to release or pick up the mole-
cule, a mere shift of charge in a suitable receptor could 
suffice to shed the transported molecules. No metabolic energy 
is required in the act of transportation. The second mechanism 
is energy consuming carrier mediated active transport but the 
carrier is regulated to chemical modification in the membrane, 
thus by a reaction involving the consumption of met-ibolic 
energy, ATP, the carrier is modified on one side of the memb-
rane to form a substance with a high affinity for the penet-
rant. It picks up the molecule to be transported and then 
crosses the membrane as the complex. The carrier is subsequen-
tly modified in a second reaction, to reduce its affinity ;md 
the transported molecule is released in the interior. The 
carrier cross back either empty or in combination v;ith some 
other reactants and thus the cycle is repeated. Metabolic 
energy is consumed in modifying the carrier structure, e.g. in 
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Na"*" + K"*"-transport (vmittman and V^ fheeler, 1970) (Fig. 6). 
ISOLATION OF PLASI-'lA HEMBRANE 
The structure and function of biological merribrane at 
molecular level has not yet been worked out due to problems 
of studying the individual membranes from solid tissues. Iso-
lated membranes allow a direct approach to the study of cell 
membrane, provided the method of isolation is satisfactory, 
which yielded the membrane in as native form as possible. 
The preparation of purified surface membrane is an art 
not to be approached lightly. Methods are available to pre-
pare; merabrane from most cell types. Plasma membrane from 
solid tissues' 'was isolated by homogenization and density 
gradient centrifugation method from liver, brain and muscles. 
This approach had several drawbacks, such as membrane disrup-
tion into small vesicles which cannot be identified morpholo-
gically and their complete separation from other vesicles of 
different origin was not possible. The orientation of the 
visicles is also doubtful in most of the cases, which is 
serious drawback in the studies related to transport and bin-
ding of substances. The plasma membrane is assigned the role 
of transport and receptor site and thus the orientation of 
the membrane is of primary concern. 
MEMBR/^NE DISRUPTION 
The cell surface must be disrupted before isolation, but 
the rupture of nuclei, mitochondria and lysosomes is undesi-
rable. There are various modes of homogenization to disrupt 
surface membranes into fragments (Kidwai, 1975). 
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The extent of fragmentation is related to the intensity 
of shearing force, its rate of change, the visoelastic proper-
ties of membrane and cell size (Wallach, 1967). The fragmenta-
tion of water washed membrane may thus derive from electrosta-
tic and not from osmotic forces. This seems to be the case in 
the lysis of intestinal brush borders and muscle sarcolemma 
where the surface fragments are not sealed. 
The most widely employed homogenization method involves 
the use of chilled Bounce type homogenizers. It is difficult 
to control the shearing forces in such devices since they 
depend upon the clearance between pestle and mortar and on the 
relative motion of these elements. Monitoring of the homoge-
nization by phase contrast microscopy was essential for optimal 
disruption, 
GHOSTS AISID LARGE SURFACE FRAGMENTS 
Mechanical homogenization, particularly in low ionic 
strength, required to suppress -the aggregation of subcellular 
particles leads to extensive membrane fragmentation. It should 
be possible to separate specialized and unspecialized regions 
of plasma membrane by differential homogenization and centrifu-
gation. Some cells, perhaps most, bear a coat substance 
extrinsic to their surface, e.g. Rambourg et al. (1966) and 
Rambourg and Leblend, (1967). This material is sufficiently 
heavy, can aid the preparation of plasma membrane envelops by 
stabilizing them against fragmentation during the extraction of 
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intracellular components. This may be the case with skeletal 
muscle sarcolemma. 
VESICLES 
Plasma membrane which is fragmented by a variety of 
methods (including sonication, aqueous washing, detergents, 
explosive decompression by nitrogen, immune cytosis and mecha-
nical homogenization) may emerge as small sealed vesicles. 
Electron micrographs obtained during the mechanical homo-
genization of liver indicate that membrane surfaces from, enva-
ginations or buds, which pinch off directly as closed vesicles. 
It would appear from in vitro studies that intact viable cells 
can also shed their membrane by exocytosis (Hoyle, 1962; Davies, 
et al,, 
1966; Farries £t al., 1967; Burger/T96^ . 
The vesicles from ruptured cells can either retain the 
orientation of cell surface by emerging centrifugally (exocy-
tosis) or require a.n inverted "inside out" disposition by 
budding towards the cell interior which have been observed in 
erythrocyte membrane (Marchesi and Palade, 1967; Penniston and 
Green, 1968; Ginn e t ^ . , 1969; Steck et al., 1970). Analogous 
procedures are seen _in vivo such as "Pinocytosis" . The method 
of Kamat and Vvallach (1965) is used by many investigators to 
prepare miembrane vesicles. 
ISOLATION TECHNIUUES 
After the membranes are removed from the cells, whether 
intact or as fragments or as vesicles, it is usually a problem. 
23 
to obtain purified fractions. Almost all work on surface mem-
brane isolation has relied on centrifugation techniques, both 
rate zonal and isopycnic (Anderson, 1968; Steck and Wallach, 
1970). 
1) Density gradient centrifugation 
Membrane isolation has been accomplished mostly by cen-
trifugation over a number of gradients of sucrose. This tech-
nique is reasonably reproducible when it is defined for the 
particular cell type. Use of zonal rotars make it possible to 
perform these separation on large scale (Kidwai _et aj.., 1973; 
Narahara et ^ ., 1979). 
2) Salt extraction 
Although it is an older technique but still many inves-
tigators use hypertonic and hypotonic salt solutions such as 
KCl, LiBr, NaCl to prepare sarcolemmal membrane (Agapito and 
Cabezas, 1977; Barchi et al., 1979). 
ISOLATION OF PLASMA MEMBRANE FROM MUSCLE 
The isolation of skeletal muscle plasma membrane is 
particularly difficult because it constitutes only a very small 
portion of the membrane of the muscle cell. It is encased in 
the basement membrane and not readily released. Further, it is 
heterogeneous in form and function consisting of four discrete 
portions: 
i) the portion associated with the neuromuscular junction, 
11) the surface membrane. 
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iii) non-junctional transverse tubule, and 
iv) transverse tubule in junctional association with 
the sarcoplasmic reticulum (terminal cisternae). In 
addition to such heterogeneity, isolated membrane 
vesicles are either right-side-out, sealed inside-out, 
or may be leaky. 
Numerous attempts have been made to separate plasma mem-
brane from subcellular components of skeletal, smooth and car-
diac muscle cell (Kono and Colowick, 1961; McCollester, 1962; 
Koketsu et al., 1964; Rosenthal et ^ . ^ 1965; Abood et al., 
1966; Pertius and Repke, 1967; Stam> _et _al., 1970; Boegman _et 
al., 1970; Kidwai et aj.., 1971; Tada et al., 1972; Severson 
et _al., 1972; Kidwai £t ^ . , 1973; Agapito and Cabezas, 1977; 
Daniel et aJ.., 1977; Barchi et _al., 1979; Matlib et al., 1979; 
Narahara et aj.., 1979; Bers, 1979; Sloane, 1980 and Morcos, 
1981). 
EVALUATION OF PLASMA MEMBRANE PURITY 
Characterization of Plasma Membrane 
Although it is difficult to establish meaningful crite-
ria for assessing the purity of membrane preparation, the 
three most commonly used methods are as follows: 
1. Morphological appearance 
Either by phase contrast or electron microscopy plasma 
membrane can be identified. If the isolated plasma membranes 
retain their protein-polysaccharide coating (basement membrane). 
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then this will provide a basis for their identification on 
morphological grounds even under light microscope or with the 
help of electron microscopy by measuring the thickness of the 
merrbrane (Kidwai et _al,, 1973). 
2. Chemical composition 
Chemical composition of membranes may provide assessment 
of the purity, for example, either by cholesterol:phospholipid 
ratio (Kidwai et aJL., 1973) or by sialic acid content or by 
phospholipids composition, which are high in plasma membrane. 
Cholesterol:phospholipid ratio is specific for plasma membrane 
and used as marker. 
3. Enzyme markers 
The following enzymes have been used as a plasma membrane 
marker from various cell types: 
1. 5'-Nucleotidase has been used most extensively as a 
plasma membrane marker for a wide variety of cells 
(Emmelot et _al., 1964; Coleman _et al., 1967; Stein _et al., 
1968; Evan, 1969; Touster et al., 1970; Wolff and Jones, 
1971; Kidwai et aA... 1973 and Kwan et al., 1982). There 
is good evidence for an additional association of 5'-Nuc-
leotidase activity with the membrane of skeletal muscle 
cells (Riobio _et _al., 1973). During the characterization 
of plasma membranes from various smooth muscles Daniel 
and his colleagues used it as a good marker for plasma 
membrane (Kwan ot. _al., 1979; Grover et al., 1980), 
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2. K^-activated p-nitrophenyl phosphatase is activated by 
K"*" and sensitive towards ouabain. It is related to the 
ATPase system and used by many investigators as a 
marker for plasma membrane (Kwan £t _al., 1982). Pre-
sence of acid and alkaline phosphatase was observed in 
the plasma membrane of varidus cells and also supposed 
as membrane markers. 
3. Na"*" + K*"-ATPase is generally assumed as vectorial enzyme. 
It spreads across the width of the plasma membrane in 
+ 
such a way that activation by Na involves the activa-
tion of sites at the intercellular surface of the mem-
brane, while activation by K involves the activation of 
receptor sites, which are associated with the extrace-
llular surface (Emmelot _et a^./ 1958; Boegman _et al., 
1970; Peter, 197 0; Kidwai et _al., 1973; Agapito and 
Cabezas/ 1977; Narahara et al., 1979). 
4. It is now generally agreed that plasma membrane of most 
of the cells contain adenyl cyclase (Sutherland et al., 
1968). Its use as a plasma membrane marker (Tada _et al., 
1972) may be justified particularly when it is coupled 
with a hormone induced stimulation of the enzyme. Adenyl 
cyclase is also found to be associated with Golgi bodies 
and endoplasmic reticulum (VJattiaux and VJattiaux, 1980) . 
IMPORTANCE OF PLASMA ^iEMBRANE IN TOXICOLOGY 
Exposed location, structural complexity, chemical 
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reactivity and physiological importance of cell mernbrane com-
bine to make them prime target of xenobiotic toxicity 
(Pritchard, 1979). 
MEMBRANE THEORY OF TOXICITY 
Cell surface membrane might be the site of important 
toxic effects to formalize and crystallize the concept and to 
demonstrate its utility in assessing mechanisms of toxicity. 
In his studies Rothstein (1959) emphasized three major points: 
i) plasma membrane is the outer boundary of the cell so 
it is exposed to the full extracellular concentration 
of potential toxicant before the rest of the cell. 
ii) plasma membrane may act physically and chemically to 
limit penetration of the extracellular compound into 
'*•- ^ the cell interior, 
iii) the chemical reactivity of the toxicant observed 
in vitro with the physiological effect ±n vivo can 
be correlated only through understanding both. 
RESPONSE OF MEMBRANE TOWARDS TOXICANTS 
Xenobiotics before reaching to the target organ, where 
they exert their biochemical, pharmacological or toxicological 
effects are supposed to cross various barriers. These barri-
ers are collectively known as sites of losses and the first 
barrier to cross is either plasma membrane of gut (if oral) 
or skin (tropical) or lung (inhalation) or blood capillaries 
(intravenous), etc. 
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The transportation of absorbed siibstances, through the 
blood circulatory system, or lymphatic system is followed by 
their distribution, storage in tissues, metabolism, elimination 
and toxicity, if any. Thus, the final toxicological effect 
may be dependent upon the bioavailability of toxicants which 
is of course a net result of the interaction of these processes, 
Quantitatively, the effect of the toxicants exerted may not be 
due to the total amount given, but it is the actual amount 
available to the target tissue. Thus, the first step of the 
regulation of the bioavailability of substances is their trans-
port through plasma menbrane. It is surprising that plasma 
membrane rarely disappoint any incoming substances. It either 
allows them to pass through or responses against them, by acti-
vating certain receptors on the surface which ultimately 
translate the stimuli int^ certain biochemical processes. 
CHAPTER I I 
ISOLATION OF SARCOLEMKA 
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INTRODUCTION 
Although homogenization and fractionation of animal 
tissues was worked out by Hogeboom in 1955, but it was not 
until 1951, when Kono and Colowick 'published the method for 
isolation of skeletal muscle cell membrane. Detailed studies 
were published subsequently in 1962, 1964 and 1966. 
These methods were based on the assumption that the 
contractile proteins from muscle cell segments can be washed 
out by lithium, brom.ide or KCl l.^ aving behind sarcolemma. 
Kono and Colowick (1961) extracted the muscle cell seg-
ments with 0.4 M LiBr and 1 M KCl followed by diff>^rential 
centrifugation. This method required continued overnight ext-
raction. The prolonged extraction resulted into the denatu-
ration of various enzymes. Subsequent methods by Koketsu, Kono 
and Colowick also utilized more or less similar technitjues-
McCoIlester (1962) did not use high salt concentration, but 
instead incubated the homogenate at 37°C for 3 0 minutt^s which 
might have damaged some enzymes. 
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Peter (1970) modified the earlier methods and was able 
to demonstrate the presence of Na^ + K'^-ATPase in his prepara-
tion. In 1973, Kidwai et aj.* used drastic homogenization and 
single step ;::ucrose density gradient centrifugation to isolate 
subcellular fractions including PM, ER and mitochondria. The 
insol-oble contractile proteins were filtered after homogeniza-
tion. The density gradient method yielded the membrane in the 
vesicular form and all enzyme activities were intact. 
The methods used in the past involved drastic treatments 
either prolonged extraction by the salts or drastic homogeniza-
tion which resulted into the fragmentation of the sarcolemma. 
It seems that in the method of Kidwai jet _ai. (1973) during 
homogenization the basement membrane is separated from PM and 
is lost during centrifugation* 
It is known that toluene increases the permeability of 
nuclei, mitochondria and bacteria (Jackson and Del-loss, 1965; 
Hilderman and Deutscher, 1974; Hatlib et al^ ., 1977) to charged 
ions and large molecular weight substances. This property of 
toluene has been utilized for faster emptying of skeletal 
muscle cells. Frog skeletal muscle cell segments were treated 
with toluene to increase the permeability of LiBr, which was 
used for the extraction of intracellular material from cells. 
MATERIALS rtKP METHODS 
Chemicals used 
LiBr was purchased from Loba Co., Bombay (India). Toluene 
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from British Drug Houses (India), sucrose from Polypharma 
(India). Tris was from Sigma Chemical Co., St Luois (U.S.A.), 
CaCl„ and NaHCO were from Sarabhai Chemicals ^India). All 
other reagents were of analytical grade and highest purity 
available. 
Homoqenization 
Homogenization was performed in a Sorvall Omni-mixer 
type homogenizer supplied by Scientronic Instrument Co., New 
Delhi. 
Light Fiicroscopv 
The preparations were observed under phase contrast 
Olympus microscope from Olympus Opticals Co. Ltd., Tokyo 
(Japan). A 0.1% (w/v) solution of janus green was used for 
light microscopic observations. 
Centrifuqation 
All centrifugations were carried out in JANETZKI K-70 
refrigerated centrifuge using i swinging rotor. 
Preparation of muscle cell fragments 
Adult frogs (Rana Tigrina) were purchased from local 
suppliers and kept in a pond for few days before use. All the 
operations were carried out between 0-5°C unless otherwise 
specified. Frogs were stunned, decapitated and muscles from 
hind limbs were removed and kept in ice cold CaCl„ (50 mt-'i, pH 
7,0 adjusted with 100 mKi NaHCO ) . 
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(i) Mincing and Teasing 
The connective tissue and nerves were dissected out. 
About 50 g muscle was cut into small pieces and minced in pre-
sence of CaCl2 in cold at 0-5°C. 
(ii) Homogenization 
Minced muscle was homogenized in such a way that the 
minimum damage to the cells occurred. It was found that Sor-
vall Omni-mixer type homogenizer was the most satisfactory 
apparatus for separating skeletal muscle cells. The muscle 
was homogenized in 5 0 mM CaCl^ solution for 30 seconds at a 
speed setting of 240, which resulted in muscle cell suspension. 
Calcium chloride solution eliminated tangling and destruction 
period 
of cells. If necessary, it was rehomogenized for a further/of 
thirty seconds. 
(iii) Filtration 
The homogenate was filtered through a filter described 
by Kidwai (1974) . Any filter can be used to remove connective 
tissue and unbroken muscle. The filtrate was centrifuged at 
70 X g for five minutes. The supernatant was discarded and the 
muscle cell fragments were suspended in 0,25 M sucrose solution 
pH 7.0 adjusted with 0.1 M Tris. The optical density of this 
ad-
suspension was/justed to a fixed reading every time using red 
filter in a systronic colorimeter. 
(iv) Toluene treatment 
Toluene (5% v/v) was added to the cell suspension and 
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gently mixed by tilting for exactly three minutes. Muscle 
cell fragments were sedimented and some light fragments along 
with some fatty substances were left at the upper surface of 
the supernatant. Supernatant was aspirated and discarded, 
(v) Extraction with lithium bromide 
The sediment after toluene treatment was suspended in 
0.4 M LiBr solution pH 8.4, adjusted with 0.1 M Tris. Volume 
of the LiBr was 20 itimes that of the slurry. Suspension was 
transferred in a beaker and stirred on a magnetic stirrer in 
cold for 90 minutes. The stirring speed was kept at minimum. 
At the end of 90 minutes extraction, the suspension was centri-
fuged at 900 x g for five minutes. Same . process was repea-
ted further once for 90 minutes and then for 12 0 minutes. Each 
time fresh LiBr solution was used. At the end the preparation 
was washed three times with sucrose (Scheme I). 
After five hours extraction, there was hardly any pro-
tein released in the lithium bromide solution. Washings with 
sucrose were important for removal of all the LiBr from sarco-
lemmal preparation. Finally, the preparation was suspended in 
0.25 M sucrose. 
The preparation was examined under phase contrast micros-
cope every hour and changes were observed as given in Fig. 1. 
The homogenate consisted of muscle cells with dark striations 
and broken at the ends. After toluene treatment, they were 
suspended in lithium bromide buffer and the proteins were sten 
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SCHEME 1 
SUIvlMARY OF ISO.LATION.PROCEDyjRE SS.I.^P^9,-^^^^^^^^^^^'^^-^'^''--
LEMI^ :. 
Hind liiTib muscle of f rog (Rana T igr ina ) 
i n e l y minced, homogenized in CaCl^ so lu-
t i o n and f i l t e r e d 
it 
F i l t r a t e 
M 
Residue 
(discarded) 
Centrifuged at 70 x g for 5 minutes 
Supernatant 
(discarded) 
Supernatant 
(discarded) 
Supernatant 
(discarded) 
Supernatant 
(discarded) 
Supernatant 
(discarded) 
dirfu Se ment 
Suspended in 0.25 M sucrose, optical 
density was adjusted and toluene 
treatment was given, centrifuged at 
70 X g for 5 minutes. 
> 
Sediment 
Suspended in l i th ium bromide 
[ b u f f e r , s t i r r e d for 90 minutes 
and cen t r i fuged a t 9 00 x g for 5 
minu te s . 
3, 
Sediment 
Again suspended in litni-um 
bromide buffer, stirred fur-
ther for 90 min. centrifuged at 
900 X g for 5 min. 
Sediment 
Suspended in lithium bro-
mide buffer, stirred for 
120 min. and centrifuged at 
9 00 X g for 5 min. 
^ 
Sediment 
I 
•Washed t h r e e t imes \vith 
0.25 M sucrose by c e n t r i -
fuga t ion . 
^' 
F i n a l sarcolemmal prep5Lra.-tion 
Fig. 1. Schematic diagram showing the cell emptying 
phenomena. 
SKELETAL MUSCLE FIBER 
HOMOSEMIZATlON 
i'^'^T^R EXTRACT, 
^** WITH URr 
S H O W . . . . . . . . " "" ' ""^^ '^MAL-
8Y TeLyEH6^_ 
' ' I Ofl 
' "^^ ' -s HO.ES aE>„Lv " • " " " " ' " " " ' " ' ^ 
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coming out from the ends of the muscle cell segments as well 
as through the holes created by toluene. At the end, after 
five hours extraction, the muscle cells were looked transpa-
rent, like hollow tubes with many holes on the surface. This 
preparation was used for characterization of sarcolemma. 
COMPARATIVE EFFECTS OF VARIOUS SOLVENTS ON SARCOLEFJ^ iaL 
PREPARATION 
Effect of toluene, benzene,^ xylene and cvclohexane 
Present method was based on the fact that 0.4 M LiBr 
extracts the muscle proteins and process of extraction was 
hastened by treatment with toluene, which made the cell seg-
ments permeable to charged ions and large molecules. 
The usefulness of other organic solvents such as benzene. 
xylene and cyclohexane was investigated. 
CH-
Toluene Benzene Xylene 
K"--
\ / 
Cyclohexane 
Frog skeletal muscle cell fragments suspension was trea-
ted with the above solvents in the same manner as in case of 
toluene mentioned in the earlier section. 
Activity of 5'-Nucleotidase was measured in all treated 
sarcoleirmal preparations. Maximum specific activity was obser-
ved in toluene treated sarcolemmal preparation while 
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Gyclohexane tree^ ted material had a lower specific activity 
than untreated control, this was probably due to denaturing 
effect of cyclohexane (Fig, 2), 
DISCUSSION 
The study of surface membrane requires the isolation of 
plasma membrane of highest purity. Several critical reviews 
on isolation and characterization of cell surface membrane 
have been published (Steck and Wallach, 1970; Warren and 
Click, 1971; Wallach and Lin, 1973; DePierre and Karnovsky, 
1973;). 
During the last two decades several investigators have 
tried the isolation of skeletal muscle sarcolemma from rat 
(Kono and Colowick, 1961; McCollester, 1962; McCollester and 
Semente, 1964; Rosenthal :^ al., 1965; Peter, 1970; Kidwai 
et al., 1973) and frog (Koketsu et al,, 1964; Abood et al., 
1966; Boegman et al.., 1970; Narahara et a^., 1979). These 
methods either required prolonged extraction with salts (16-
3 0 .'hours) heat treatment, osmotic shock, alkali treatment or 
drastic homogenization. These methods were not satisfactory 
due to loss of enzyme activity and cross contamination of int-
racellular membranes, e.g. endoplasmic reticulum and mitochon-
drial membranes, when drastic homogenization and high speed 
differential or density gradient centrifugation was followed 
(Wattiaux et al., 1971). 
Some investigators have reported drastic homogenization 
Ld 
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followed by density gradient or differential centrifugation 
which resulted into a fairly pure plasma membrane preparation 
(Peter, 1970; Kidwai e t ^ . , 1973; Narahara et al., 1979). But 
the drawback with these methods is that plasma membrane obtai-
ned is in the form of vesicles having different orientation. 
Some of them could be "inside out" (cytoplasmic surface facing 
outward), whereas the others may be "right side out" (extrace-
llular surface facing outward) (Steck et jil., 1970). 
There are reports in the literature showing the presence 
of both "inside out" and "right side out" vesicles in the iso-
lated sarcolemmal preparation from cardiac muscle (Bers et al., 
1980; Jones et ^ . , 1980; Pitts and Ohkuysen, 1980; Lamers and 
Stinis, 1981; Velema and Zaazsma, 1981; Philipson and 
Nishimoto, 1982) and smooth muscle (Grover et aJ.., 1980). In 
view of the above limitations, it is important to have a pure 
preparation that can be obtained in a short time and under 
mild conditions to preserve the enzyme activities, chemical 
composition and orientation of the membrane as close as poss-
ible to the one's present _in situ. 
A rapid method for the isolation of sarcolemma from frog 
skeletal muscle using mild conditions has been established. 
The time of extraction for intracellular material was reduced 
and no drastic homogenization or high speed centrifugation was 
involved. The method reported here yields hollow sarcolemmal 
tube like structure, in a relatively short period of only five 
hours. There was no doubt about the orientation of sarcolemma 
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and cross contamination, because the sarcolemmal preparation 
was in intact form as a tube, which has clear morphological 
appearance under phase contrast microscope. 
The present method referred as "toluene-lithium bromide 
method" involves cell fragmentation by gentle homogenization 
and mild toluene treatment to make the sarcolemima permeable 
to LiBr. The use of hypertonic solution of lithium bromide 
causes rapid extraction of all intracellular material within 
a short period. This is the first report in which toluene is 
used to increase the permeability of muscle cell segments to 
shorten the time of salt extraction. 
Toluene is reported to make membrane permeable in bac-
teria, nuclei, hepatocyte and mitochondria (Jackson and DeMoss, 
1965; Hilderman and Deutscher, 1974; Matlib et aJ.., 1977). Bio-
chemical studies indicated that toluene treated mitochondria 
remained reasonably intact, without any damage to structure, 
although they had become permeable to substrates and cofactors. 
The mechanism of tolueae action on membrane system is still 
unknown. It is possible that loss of some cholesterol and 
phospholipid from membranes make the membranes less rigid and 
allows certain membrane proteins to aggregate in such a way that 
a channel is formed, which allowed the nucleotides and co-enzy-
mes to penetrate the mitochondrial membrane (Matlib et. al., 
1977). It is likely that loss of protein or some lipid compo-
nent in toluene treated preparation depends on the concentra-
tion of toluene, time and temperature, i.e. higher concentration 
40 
of toluene brings about higher losses of protein from the 
cells and may indicate larger holes in the cytoplasmic membrane 
(Jackson and Demoss, 1965). Although it is not true for the 
present sarcolemmal preparation. Even overnight toluene treat-
ment has no greater effect. It concluded that toluene action 
is specific in nature on frog sarcolemma. Toluene is easily 
removed from the top of the suspension due to its water immis-
cible nature and low density. It does not remain associated 
with the membrane. 
Attempts were also made to use other solvents such as 
benzene, xylene and cyclohexane in place of toluene. Compara-
tive effects studied on sarcolemmal preparation reveals that 
none of them is better. The studies indicate that toluene is 
relatively a better solvent for the required purpose as it 
makes holes on the surface of the cell to facilitate the rapid 
extraction of intracellular material from the muscle cell seg-
ments. 
5'-Nucleotidase activity was highest in toluene treated 
preparation, whereas the other solvents caused some damage to 
the enzume activity. Thus usefulness of solvents on sarcole-
mmal preparation was in the following order; 
\ '^ ^ 
Toluene > Benzene ;^ Xylene \Cyclohexane. 
''^ /' / 
CHAPTER I I I 
CHARACTERIZATION OF SARCOLEM i^A 
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INTRODUCTION 
In order to assess the purity of a preparation, it is 
necessary to establish the criteria based on morphology, chemi-
cal and enzymatic make up of the components of the cell to 'be 
separated from other cellular components. 
To assign a marker to a component we go by the existing 
knowledge of the role of a particular constituent, for example, 
nuclei consists of DNA, or rough endoplasmic reticulum consists 
of ribosomes, or plasma membrane has Na + K -^TPase. Once at 
least one marker is established for a particular component we 
can look for other characteristics, for example, cholesterol: 
phospholipid ratio is different in different membranes. 
The sarcolemma isolated by "toluene-lithium bromide" 
method.was characterized by measuring various enzyme activities 
and chemical composition. In addition to PH markers, the mar-
kers of other cellular components were also monitored to estab-
lish the purity of the sarcolemmal preparation. 
MATERIALS AND METHODS 
Chemicals used 
Tris, bovine serum albumin, Na^-z^TP, Na-AKP, bis(p-nitro-
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The free HCl was removed before analysis. Sulfhydxyl content 
was estimated following the method of Sedlak and Lindsay (1968). 
Total lipid of the sarcolemma were extracted according to Folch 
et aj, (1957). Total phospholipid was measured by Chen _et al. 
(19 56) and cholesterol by the method of Zlatkis (19 53). 
The total lipid was fractionated into neutral and 
phospholipid fraction on column of silicic acid (100 rriesh, 2 0 g, 
1.5 X 35 cms). Silicic acid was activated before use at 110°C 
for one hour. The column was prepared in chloroform and topped 
with anhydrous sodium sulphate. Lipid sample dissolved in 
chloroform was applied to the column. Neutral lipid was elu-
ted with chloroform and subsequent elution with methanol gave 
total phospholipid fraction. 
Identification of phospholipids 
Thin layer chromatography (TLC) of the phospholipids was 
carried out on activated plates of silica gel G (0.5 mm thick) 
6 0-100 /Ul solution of total lipid in chloroform (containing 
3-5 /Ug lipid-P) was applied on to the plates, which v/ere first 
developed in acetonesbenzene (4:6 v/v), whereby the neutral 
lipids moved almost along v;ith the solvent front and phospho-
lipids remained at the origin. The plates were dried at 4 0°C 
and redeveloped in chloroform:methanol:water (65:25:4, v/v/v). 
The spots of the phospholipids were detected by exposure to 
iodine vapours, marked with sharp needle and plates kept at 
80°C for ten minutes to remove iodine. The marked spots v/ere 
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phenyl) phosphate, cholesterol and all the reagents including 
proteins for mol. wt. markers used in the electrophoresis, 
such as lysozyme, _B-Lactoglobulin, Trypsinogen, pepsin, egg 
albuirin, bovine albumin and TtHED, arrjnonium persulphate, 
coomassie Brilliant Blue R-250 were from Sigma Chemical Co., 
St. Louis, Missouri (U.S.A.). 
p-nitrophenyl phosphate, sodium pyrophosphate, M-acetyl-
neuramiinic acid and janus green were from E. Merck (West Ger-
many). All other reagents used were of analytical grade and 
highest purity available. 
Chemical determinations 
Protein was estimated by the method of Lowry _et al. 
(1951) using bovine seriom albumin as standard. Inorganic phos-
phate was measured by the method of Fiske and S-obba Row (1925). 
DNA and RNA were extracted from sarcolemma by the method of 
Schneider (1957). DNA-P and RNA-P were estimated separately 
according to the methods of Burton (1965) and -Mejbaum (1939^ 
respectively. 
Total carbohydrates were measured by Montgomery's method 
(1957). Sialic acid content of sarcolemma was estimated after 
one hour hydrolysis at dO°C in 0.1 N H SO by the m.ethod of 
Warren (1959), using N-acetylneuraminic acid as standard. Hydro-
xyproline was determined colorimetrically by the method of 
Hiyada and Tappel (1956). Before determination, hydrolysis v/as 
performed with 6 K HCl in a sealed tube at 105*0 for 20 hours. 
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sprayed with Vaskowsky and Kostetsky's reagent (1968) for 
detecting phosphorus, 0,4% (w/v) nihydrin in acetone:lutidirie 
(9:1, v/v) for serine and ethanol amine-phospholipids and 
Dragendrof f' s reagent (VJagner et al., 1961) for choline contai-
ning phospholipids. Lysophosphatidyl choline (LPC), phosphati-
dyl choline (PC) and phosphatidyl ethanolamine (PE) were iden-
tified on the basis of comparison of their mobility and spray 
reactions with simultaneously run standard phospholipids. 
For the quantitation of individual phospholipids resolved 
on TLC, the iodine marked spots of phospholipids were scraped 
after removing iodine. The scraped material was directly diges-
ted with 0.5 ml of 70% perchloric acid (PCA) at 180°Cfor two 
hours. Corresponding blanks of silica gel reagent and a stand-
ard sample of KH„PO were simultaneously run. Phosphorus in 
the digest was estimated :tccording to V/a-jner et _al. (1962). 
SPS-polyacrvlamide gel electrophoresis 
SDS-polyacrylamide gel electrophoresis of the sarcolemmcal 
proteins was carried out in the gel system as described by 
Zahler (1974) using 7.5% acrylamide gel. Coomassie Blue was 
used for protein staining, while for glycoprotein staining 
Schiff's periodic acid reaction was used as described by Fair-
banks et. _al. (1971). Molecular weight markers used were in 
the range of 10,000 to 70,000 daltons. 
Enzyme assays 
5'-Nucleotidase (E.C. 3.1.3.5) VN/as determined by the 
method of Nathan and Touster (1974), using 100 mM glycine-NaOH 
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buffer (pH 9.2), 5 nt-i MgCl , 5 mM Na-/AMP in a reaction on 
mixture of final volume of 1 ml, suitably diluted sarcolemmal 
preparation was added and incubated for fifteen minutes :at 
37°C. The reaction was stopped by adding ice cold 1 ml TCA 
(lO/o, w/v) . After centrifugation, inorganic phosphate was 
determdned in the clear supernatant by Fisku and 3ubba Row 
(1951). 
Na + K + Mg -/^TPase (E.G. 3.6.1.3) was assayed in a 
reaction mixture of 1 ml containing 50 mM Tris-HCl buffer 
(pH 7.5), 100 mJ^j NaCl, 10 nM KCl^ 3 mM Na2ATP, incubated with 
suitably diluted enzyme preparation with and without ouabain 
(10 M ) for 30 minutes at 37°C. Inorganic phosphate was 
determined in the TCA supernatant as above- Reduction of enzyme 
j_'-^T ._ v.- ^ 1 (-ri+.K )-ATPase activity, 
activity due to ouabain was taken as (Na + -' 
p-nitrophenyl phecphate was used as a substrate, for 
acid phosphatase (E.G. 3.1.3.1) pH 5,5, alkaline phosphatase 
(E.Co 3.1.3.2) pH 7.5 and K -activated p-nitrophenyl phosphate 
which were assayed as described by Kidwai et a_l. (1971). Inor-
ganic pyrophosphatase (E.G. 3.6.1.1) was assayed by thei imethod 
of Nardlie and Lardy (1961) phosphodiesterase I (E.G. 3.1.4.1) 
was estimated according to the method of Ostrowski and Tsugita 
(1961). The reaction mixture contained tris-HGl buffer 50 rM 
(pH 8.9), 10 nM MgSO^, 10 mM ca-bis (p-nitrophenyl) phosphate 
and suitably diluted membrane preparation. Incubation was for 
6 0 minutes at 3 7°G. Reaction was stopped by adding 2.8 ml 
0.1 N NaOH. After centrifugation colour was read ar 400 nmi. 
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(Ca^ "*" + Mg^'^)-ATPase (E.C. 3.6.1.3) was assayed in an 
assay mixture of 1 ml containing Hops-Tris buffer 5 0 nt-i (pH 
7.4) 3 nt-i MgCl^ 2 mM EGTA, 2 rrM CaCl2/ 160 rrM KCl and suitably 
diluted enzyme preparation. The reaction was started by adding 
3 mFi ATP (disodium salt) and incubating at 31°C for 15 minutes. 
Reaction was stopped by adding 1 ml ice cold TCA (10%, w/v). 
Similarly as in the case of other ATPaseS/ after centrifugation, 
inorganic phosphate was determined in clear TCA supernatant by 
the method of Fiske and Subba Row (1925), Succinic dehydroge-
nase (E.C. 1.3.99.1) was assayed by the ferricyanide method 
(Rodriguez DeLores et aj.., 1962) and ^lyosin-ATPase (E.C. 3.6. 
1.3) was extracted and assayed by the method of Perry (1955). 
RESULTS 
Morphological appearance 
Morphological appearance was monitored from the bt^ -ginning. 
The muscle homogenate consisted of various size cell segments 
broken at the ends and were long, cylindrical and stained dark 
by 0.1% janus green. 
The first photograph (Fig. 1 A) represents microscopic 
picture of frog skeletal muscle cell segments, as seen just 
after homogenization. The cell fragments of various sizes can 
be seen but all of them maintained the sha^ De of long cylindrical 
cells broken at the ends. Very little unidentified material 
can be seen. Figure 1 B, shows an enlarged single cell segment 
in which the cross striations are prominent and the cell segr^ent 
Fig. lA. A representative phase contrast photomicrograph 
of frog skeletal muscle cell segments as seen just 
after homogenization. Magnification = 400 X. 
Fig. IB, A single cell segment is enlarged, the cross stria-
tions were prominent, the cell segment is dark in 
appearance and stained heavily by janus green. 
Magnification='l4 00 X. 
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is dark in appearance and stained heavily by janus green. 
Figure 2A and 2B shov/ the holes created by toluene on 
the surface of the cell. The intracellular material can be 
seen coming out through these holes and also from the broken 
ends of all the segments at initial stages of extraction. In 
Fig. 2C and 2D the cell segments are lighter and most of the 
cross striations disappear but some protein still coming out 
through through the holes and from the ends of the cell seg-
ments. 
At the end of LiBr treatment the cells were no longer 
dark. They gave a cellophane tube like appearance with one or 
more holes on the surface of these cell segments (Fig, 3A and 
3 B ) . The diameter of the sarcolemmal tube v/as approximately 
80 yU. 
CHEMICAL COMPOSITION 
Yield of sarcoleiTima 
The yield of sarcolemma was equivalent to 2 mg protein 
from 100 mg protein of the homogenate consisting of cell seg-
ments. About 0.3 mg meiribrane protein was recovered from 1 gram 
wet weight of muscle consisting of connective tissue which was 
dissected out. 
Salt soluble proteins 
When purified sarcolemma was treated with 1 M rJaCl for 
2 0 minutes with constant stirring and centrifuged, no protein 
Fig. 2A & 2B. Phase contrast photomicrographs showing, after 
one and a half hour extraction stage in which 
holes created by toluene are clearly visible 
and intracellular material can be seen coming 
out of these holes as well as from the ends of 
the cell segments. 
Magnification (2A) = 1200 X 
Magnification (2B) = 1600 X 

Fig. 2C & 2D. Phase contrast photomicrographs showing after 
thre>.; hours extraction, cross striations are 
disappeared. But still some proteins are coming 
out through the holes and from the side ends. 
Magnification (2C) = 1600 X 
Magnification (2D) = 1000 X 

Fig. 3A & 3B. Phase contrast photomicrographs of final sarco-
lemmal preparation which is cellphane tube like 
by appearance with one or more holes on the sur-
face. The merribrane was not stained by janus 
green. 
Magnification (3A) = 1000 X 
Magnification (3B) = 24 00 X 
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could be recovered in the supernatant. However, KCL (100 
ml-i) extracted about 17% of the protein from sarcolemma. 
Deoxvcholate treatment 
The purified sarcolemrna was treated with 0.5% deoxy-
cholate for 20 minutes with occasional mixing. About 43% 
of the membrane proteins were solubilized and sarcolemma 
looked more transparent under light microscopy. Besides, 
holes created by toluene were more clearly visible. 
Lipid composition 
In sarcolemmal preparation, total lipid content was 
0.98 mg per mg of protein, whereas cholesterol was 0.25 /a 
moles per mg protein. The cholesterol:phospholipid ratio 
was 0.3 3 (Table l) . 
Phospholipid composition 
AS shown in Table 2 am.ong phospholipids phosphatidyl-
choline and phosphatidyl ethanolamine were higher in amount 
when compared to the phosphatidyl serine, sphingomyelin and 
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Table 1 
Lipid composition of frog skeletal muscle sarcolemma 
Lipid /U moles/mg protein 
Cholesterol 0.25 + 0.092 (5) 
Phospholipid 0.85 + 0.170 (5) 
Cholesterol:phospholipid ratio 0.33 + 0.094 (5) 
/ug lipid phosphate x 25 = /u mol phospholipid 
Number in parenthesis are the number of experiments 
jjerformed on separate preparations. 
Mean + S.D. 
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Table 2 
Phospholipid composition of frog skeletal muscle sarcolemma 
Phospholipid % of total phospholipid 
Phosphatidylcholine 39.1+4.5 (5) 
Phasphatidylethanolamine 2 0,3 + 2.4 (5) 
Lysophosphatidylcholine 8.6 + 0.8 (5) 
Phosphatidylserine 15.3 + 0,4 (5) 
Sphingomyelin 12.3 + 0.7 (5) 
Values are percentage of total phospholipids 
Mean + S.D. 
Number - in parenthesis are the number of experiments per-
formed on separate sarcolemmal preparations. 
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lysophosphatidyl choline, which again show a characteristic 
ratio as observed by others in skeletal muscle plasma membrane. 
Carbohydrate contents 
Total carbohydrate found to be present in sarcolemma was 
29,5 /Qgs per mg protein. Sialic acid content was 3.2 n moles 
per mg protein (Table 3). 
Sulfhydryl/ hydroxvproline, DNA and RNA .contents of sarcolemma 
Sulfhydryl content v/as 1 yug per mg protein, hydroxypro-
line 2.6 n moles per mg protein. iDNA was .12 /i moles per mg 
protein while RNA was .28 /u moles per mg protein (Table 3). 
SDS-polyacrylamide gel electrophoresis 
SDS-polyacrylamide gel electrophoretic analysis showed 
that in frog skeletal muscle sarcolemma eleven prominent pro-
tein bands were present under the electrophoretic conditions 
used (Fig. 4B) . The molecular v/eight range of these proteins 
were from 14,000 to 66,000 daltons as observed by using mole-
cular weight markers of the above range. Lysozyme, Jb-Lactoglo-
bulin, trypsinogen, pepsin, egg albumin and bovine albumin. 
Periodic-Scbiff's stain gave four bands of glycoproteins 
in the sarcolemmal preparation (Fig. 4 A ) . 
MARKER ENZYMES 
As shown in Table 4, skeletal muscle sarcolemma contai-
2+ + + 
ned Mg + Na + K activated ATFase whxch was ouabain 
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Table 3 
Chemical composition of frog skeletal mtuscle sarcolemma 
Contents Per mg protein 
Total carbohydrate 25,90+2.50^gs (4) 
Total sulfhydryl 1.07+0.60^gs (4) 
Sialic acid 3.20+2.15 n mol (4) 
Hydroxyproline 2.61+1,50 n mol (4) 
DNA-phosphorus 0.12+0.05/i mol (4) 
-NA-phosphorus 0.28+0.09yu mol (4) 
Number in parenthesis are the number of experiments 
perfcurmed on different preparations. 
i-iean + S.D. 
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SDS - POLYACRYLAMIDE GELELECTROPHORETIC 
PROFILES OF SARCOLEMMAL PROTEINS 
PROTEIN 
FIG. 4A 
GLYCOPROTEIN 
FIG. 4B 
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sensitive. Specific activity of this ATPase in presence of 
Mg , Na"*" and K"^  ^v'as 95.06 while adding ouabain to the system 
reduced the enzyme activity to 84.66. When the ATPase was 
2+ . . 
measured only in presence of Mg the enzyme actxvity was 
+ + 
8"^ .52, the difference was 11.54 which represents the Na + K -
ATPase activity. 
2+ 2+ 
(Ca , Mg )-ATPase was also present in the sarcolemmal 
2+ 2+ 
preparation. If Ca was added along with Mg and ATP, there 
was slight increase in enzyme activity indicating the presence 
of this enzyme supposed to operate ca-pump on surface membrane. 
K -activated p-nitrophenylphosphatase is considered to 
+ + be related to the Na + K -ATPase system as this enzyme is 
activated by K and inhibited by ouabain. Acid (pH 5.5) and 
alkaline (pH 7.5) phosphatase were also m.easured. The specific 
activities of these enzymes v/ere 2.26 and 5.90 respectively. 
Inorganic pyrophosphatase specific activity was very low 
(0.40). Other marker enzymes such as 5'-nucleotidase and 
phosphodiesterase I are also present in the sarcolemmal prepa-
ration (Table 4). 
As far as negative marker enzymes are concerned, the 
succinic dehydrogenase activity of the preparation was negli-
gible, Myosin-ATPase was not detectable suggesting that the 
preparation was free from mitochondria and contractile proteins 
(Table 5). 
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Table 4 
Specific activities of enzymes of frog skeletal muscle 
sarcolemma 
Enzyme Specific activity 
Mg^ ''"-ATPase 83.52+9.12 (6) 
Na'^  + K'^ -ATPase 11,54+3,52 (6) 
Ca^ "*" + Mg^"^-ATPase 3.52+0,95 (6) 
5'-Nucleotidase 2,96+1,64 (6) 
Phosphodiesterase I 3.30+0.82 (6) 
K -activated p-nitrophenyl phosphatase 0.11+0.09 (6) 
p-nitrophenyl phosphatase (alkaline) 2.26+0,45 (6) 
p-nitrophenyl phosphatase (acidic) 5.90+2.2 5 (6) 
Inorganic pyrophosphatase 0.40+0.06 (6) 
Specific activities of ATPases and 5'-nucleotidase and 
inorganic pyrophosphatase are expressed as /u mole phosphorus 
released per mg protein per hour at 37°C under specified con-
ditions. Specific activities of phosphatases are expressed 
as p. mole of p-nitrophenyl phosphate hydrolyzed per mg pro-
tein per hour at 37°C. Specific activity of phosphodieste-
rase I is expressed as .01 p. mol of p-nitrophenyl released 
per mg protein per hour at 37°C. 
Mean + S.D. 
Number in parenthesis are the number of experiments perfor-
med on different sarcolemmal preparations. 
56 
Table 5 
Specific activities of negative marker enzymes of frog 
sarCOlemma 
Enzyme Specific activity 
Succinic dehydrogenase 0.02 + 0.01 (6) 
Myosin ATPase 0.00 + 0.00 (6) 
Specific activity of ATPase is expressed as before, 
while the specific activity of succinic dehydrogenase 
expressed as change in absorbance (due to reduction of 
ferricyanide) per mg protein per hour at 30°C. 
Mean + S.D. 
Number in parenthesis are the number of experiments per-
formed on separate preparations. 
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DISCUSSION 
The s^ .^rcolemmal preparation isolated by lithium bromide 
extraction of toluene treated frog skeletal muscle cell seg-
ments was characterized morphologically, chemically and enzyma-
tlcally. 
Phase contrast and janus green stained sarcolemrnal pre-
paration was transparent having cellophane tube like appeara-
nce with one or several holes on the surface of the tube. This 
stage of clear tube like structure was attained after five 
hours of LiBr extraction. In the original cell suspension, 
the cells were dark with cross stri^tions. Extraction with 
LiBr resulted in the removal of intracellular material through 
the pores created by toluene as well as from the ends of the 
cell fragments. The contractile proteins ooze out of the 
cells and give a fountain like appearance. This process of 
emptying was hastened due to the presence of holes all around 
sarcolemma. After five hours extraction, the cell segments 
were empty and transparent when observed under light micros-
cope. This preparation maintained the shape of the cell sur-
face and can be easily identified compared to those membranes 
which were isolated by drastic homogenization and density gra-
dient centrifugation. Electron-microscopically visible vesic-
les isolated by density gradient centrifugation loose their 
identity and vesicles of mitochondrial, endoplasmic reticulum. 
themv. 
or of -any other mertbrarie or igin cannot be d i f f e r en t i a t ed from / 
The ves ic les of plasma membrane exhib i t d i f fe ren t o r i en ta t ion 
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and also the intactness vary due to the conditions of homoge-
nization. During drastic homogenization the sarcolemma looses 
all the layers and only plasma membrane is isolated in the form 
of vesicles. 
Toluene-LiBr method has the advantage that the muscle 
cell surface membrane is in its original shape. Probably due 
to the presence of basement membrane, the sarcolemma maintains 
its shape. 
Plasma membrane being the physiologically most active 
layer was characterized by chemical and enzymatic markers. 
5'-Nucleotidase an ectoenzyme reported in frog skeletal muscle 
(VJoo and Manery, 1975) and also other plasma membrane prepara-
tions was monitored and the activity of this enzyme was fairly 
in 
con centratiid ./ouj^  sarcolcinmal preparation. 
Maximum, activity is reported in the plasma membrane by 
almost all the v/orkers in various tissutis. Specific activity 
of 5'-nucleotidase in our preparation was approximately 3.0, 
while some reports quote a higher value, this is probably due 
to the presence of basemient membrane proteins in this prepara-
tion which lower the specific activity. 
+ + 
Presence of Na + K -ATPase in the cell surface has been 
+ + 
established due to its role m Na , K transport. Very high 
activity of ouabain sensitive (Na + K )-i^ TPase was observed 
in the sarcolemmia prepared by toluene-lithium bromide method. 
Table 6 compares the activity of (Na + K )-ATPase of the 
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present method and other methods of membrane preparation. It 
is evident from the table that specific activity 11,54 obser-
ved in sarcolemma was one of the highest activities reported 
by any method of membrane preparation, that too, when in our 
preparation PM is still encased by BM, while according to 
Kidwai et ad.. (1973) and Narahara et al, (1979) their prepara-
tion was pure PM. The high specific activity in our prepara-
tion can be attributed to the presence of highly purified sar-
colemma. 
K -activated ouabain sensitive para nitrophenyl jjhospha-
tase has been demonstrated by Askari and Rao (1971) and Pitts 
(1974) to be a partial reaction of the Na"*" + K"^-ATPase. In 
our preparation the activity was 0.11. There is no data in the 
literature for frog muscle to compare with ours. 
Acid and alkaline phosphatase was reported to be present 
in liver plasma membrane (Benedetti _et al., 1968). This pre-
paration also exhibits the presence of these enzymes. Acid 
phosphatase activity was found to be 5.9 while alkaline phos-
phatase was 2.26. These values are comparable to those repor-
ted (Benedetti et _al., 1968)in the literature in plasma mem.-
branes from various sources. The specific activity of inorga-
nic pyrophosphatase was very low as compared to the value 
reported by Benedetti in liver plasma membrane. 
Phosphodiesterase I in our preparation v/as 3.3 which is 
comparable to the enzyme activity reported by Emmelot et al. 
(1974) in rat liver plasma membrane. 
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A calcium stimulated magnesium dependent ATPase has 
been reported in m^ any plasma m.embrane preparations which was 
dependent either on calmodulin or an endogenous protein dis-
tinct from calmodulin (Lamers _et _al., 1981; Morel et al., 1981) . 
Calcium stimulated ATPase activity in sarcolemma was .3.52. 
2+ 2+ While the high (Ca + Mg )-ATPase activity reported by 
Morcos and Drummond (1980) and Trurrble et aJL. (1981) in car-
diac muscle may be due to contamination of SR or the presence 
2+ 2+ 
of calmodulin (activator of Ca + Mg -ATPase) in their pre-
paration cannnot be ruled out. Further, no data is available 
2+ + 
on the (Ca + Mg )-ATPase activity in skeletal mruscle sarco-
lemma to compare with our data. 
Another criteria of plasma membrane purity is its spe-
cific chemical composition, i.e. cholesterol, phospholipid 
contents and their ratio. It has been well established that 
there is a difference in lipid composition of various membra-
nes (Ashworth and Green, 1966; Benedetti and Emmelot, 1968; 
Fiehn _et a_l., 1971). Higher cholesterol: phospholipid ratio is 
considered as the characteristic of plasma membrane and used 
as a marker, whereas the low ratio attributed to the intrace-
llular membrane. 
It was found that ratio of cholesterol:phospholipid was 
higher (0.33) in our preparation compared to that reported 
earlier (0.24) in muscle sarcolemma (Ashworth and Green, 1966), 
0.11 in rat skeletal muscle plasma menbrane (Kidwai et al., 
1973)and 0.12-.26 in frog skeletal muscle membrane (Boegman 
G2 
et al., 1970). 
Purified sarcolemma contained 39 per cent phosphatidyl 
choline,20 per cent phosphatidyl ethanolamine, 8 per cent 
lysophosphatidylcholine, 15 per cent phosphatidyl serine and 
12 per cent sphingomyelin. These values are in the same ratio 
as reported earlier by Fiehn &t Sii (1971) in rat skeletal 
muscle sarcolei-nma. The apparent reactivities of the phospho-
2 + ""•-
lipids to Ca vary in the order phosphatidylserine "^•^  phospha-
tidylethanolamine ) \ phosphatidylcholine (Seimiya and Ohki, 
1973). The phospholipid profile exhibited by the various 
membrane preparations may bo significant, not only in terms 
of identification of these membranes but also with respect to 
their ability to bind certain ions, particularly the divalent 
cations (Kaya and Hiura, 1982). 
Other chemical contents of sarcolemma measured were 
total carbohydrate, total sulfhydryl content, sialic acid, 
hydroxyproline content along with DNA-P and RNA-P. Although 
the origin of DNA and RNA in sarcolem.ma is not known but they 
were present in trace amounts in our preparation, perhaps as 
contamination. Sialic acid contents were satisfactory as com-
pared with those reported in other membrane preparations. 
SDS-polyacrylamide gel electrophoretic analysis revea-
led eleven prominent protein bands present in the sarcolemma. 
The molecular weight of these proteins were in the range of 
14,000 to 66,000 daltons as observed by using molecular weight 
markers like lysozyme, /3-Lactoglobulin, trypsinogen, pepsin. 
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albumin egg and albumin bovine. Four bands for glycoproteins 
were detected in sarcolemma. -The datas earlier reported by 
Azapito and Cabezas (1977) on rabbit and frog skeletal muscle 
sarcolemma can be compared with the present observation. Mem-
brane preparation from rabbit revealed 7 prominent bands (the 
molecular weight ranges from 30^000, 200,000 daltons) and 3 
bands for glycoproteins, while in frog sarcolemma 8 protein 
bands (molecular weight ranging from 35,000 to 175,000) and 
4 bands for glycoproteins were detected. 
CHAPTER PI 
PREPARATION AND Ct^RACTERIZATIQN OF BASEMENT MEMBRANE 
AND PLASbiA MEFSRANE FROM FROG SKELETAL 
MUSCLE SARCOLEMMA 
64 
INTRODUCTION 
Basement menibrane (BM) is a specialized form of connec-
tive tissue covering almost all the cells except connective 
cells, WBC and plasma cells. It is a continuous membraneous 
structure that separates the cell membrane from outer connec-
tive cells or other cell surfaces. Basement membrane which is 
of epithelial or endothelial origin but not originated from 
fibroblasts that give rise to connective tissues. Basement 
membranes are found adjacent to the endothelial cell layer of 
blood vessels and capillaries, the epithelial layers of skin, 
viscera and glands, the specialized tissue of the eye, i.e. the 
lens capsule epithelium. Bowman's epithelium of cornea, the 
the endothelium of Descemet's membrane and the embryonic layers 
of the parietal and visceral yolk sac (Kefalides, 1973). The 
nature of BM has been the subject of several investigations 
which include studies dealing with morphology, chemistry, immu-
nology, biosynthesis and functions. Basement membranes are not 
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related structurally, che/uically or immunologically to the 
plasma membrane (PM) of cells or to the membranes of intrace-
llular organelles. 
Basement membranes were studied by many investigators 
generally concentrating on glomerular BM, lene capsule, Desce-
met's membrane, choroid plexus and Reichert's membrane 
(Kefalides and Denduchis, 1969; Mukerjee, 1965; Kefalides, 
1973; Kefalides and Wingler, 1966; Spiro, 1967; Kefalides, 
1971). 
Studies on the chemical composition of BM revealed that 
they are composed of collagen and non-collagen proteins 
(Kefalides, 1971). Disulfide bonds have been implicated in 
the association of these components. Collagenous type of 
protein is not true collagen but procollagen having two iden-
tical o(-chains unlike interstitial collagen having three gene-
tically distinct homologous c?v-chains. Other components like 
glycoproteins which remain in association with pro-collagen by 
-S-S-bonds and -H bonds, are devoid of sulfonated mucopolysa-
ccharides and uronic acid but sialic acid and hexosamines are 
present (Kefalides, 1977). It was suggested by Daniel _et al. 
(1979) that sequestered calcium may be bound to basement mem-
brane glycoprotein and thus it might have a very important 
role in excitation -Contraction coupling of muscles. 
Langer et. _al. (1982) in their review on myocardial 
2+ 
ca-exchange elaborated that cells permeability to Ca can be 
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incrtased without major changes in PM, probably due to BM, 
which acts as a buffer between the extracellular space and PM 
2+ to control access of Ca to PM. There are five modes of Ca-
exchange present in the sarcolemma, as shown in Fig. 1. 
Following functions have been ascribed to basement mem-
branes: 
a) separation of cells to establish cells identi'ty, 
b) adhesion to the other connective tissues or cells, 
c) filtration to allow only selective siibstances to pass 
through, and 
d) respond in certain pathological conditions, especia-
lly in immune response. 
A number of investigators have demonstrated that base-
ment membranes from different tissues of homologous or hete-
rologous species are antigenically related, as demonstrated by 
immunologic cross reactions. Such cross reactions have been 
observed not only between vascular and capillary basement mem-
branes (Krakower and Greenspon, 1964), but also between vascu-
lar and non-vascular types of membranes (Cruickshank and Hill, 
1953; Denduchis and Kefalides, 1970; Kefalides, 1972). 
Functional contribution of basement membranes in the 
metabolic process is almost nil. It offers only very effec-
tive resistance or barrier for incoming or outgoing substances 
either on the basis of size or charge and forms a non-lipid 
proteinous envelope around the cell membrane. It is likely 
LLI 
< 
cr 
CD 
1— 
7^ 
LU 
:z 
UJ 
en 
< 
CD 
1 
- J 
< 
2 
2 LU 
__I 
O 
o 
cc 
< 
CO 
o 
cr 
\~ 
-z. 
o 
o 
: ^ 
Z) 
o 
1 
< 
o 
- - CL 
m 
X 
_>» 
a 
u 
o 
CD 
CL 
.i 
LU 
< 
Q 
m 
< 
LU 
CL 
+ 
\N\N^ 
> 
c: 
QJ 
-•-» 
O 
Q- . 
Q; 
C/) 
a a 
^ 
c 
a 
•4-' 
i _ 
o 
CL 
E 
c 
o 
67 
c: 
CD E 
cu 
en 
o 
J2» 
5 -
° a 
QJ 
a 
E 
E 
o c 
a 
I/) (/) 
;:i cu 
o 
c 
tn 
a "^  
u —I 
QJ p 
a 
E 
u 
CO 
c: 
o 
u 
(V 
(1) 
en 
r= 
a 
c: 
o 
£ E 
.E E 
68 
that enzyme activities are not present in this membraneous 
structure. The reason for the absence of enzymes is due to 
the lack of fluidity in BFi (due to lipid water association) 
because the enzymes cannot get their proper functional confor-
mation in this solid phase membrane and thus they will remain 
immobilized/ i.e. not free to catalyze any reaction. 
In diseases such as diabetic mellitus or glomeruloneph-
ritis, morphological changes are observed in glomerular BM 
which appear particularly as diffused or localized thickenings 
(Kimmelstiel et _al., 1960), the glomerular permeability being 
increased (Hardwicke, 1972). The morphological and biochemi-
cal events leading to BM defects are still insufficiently 
understood. But recently, histological studies, reported by 
Tulusan et _al. (1982), reveals that the basement membrane may 
play an important role in the process of initial invasion in 
breast cancer. It seemed, therefore, of interest to study the 
behaviour of basement membranes which are involved in two types 
of invasions in breast cancer, 
a) bud like protrusions of intraduct cancer with dis-
ruption of basement membrane at the point of inva-
sion, and 
b) extensive basement membrane defects with single . 
cancer cell invasion. 
The general approach to BM isolation has been one of 
obtaining a pure organ subfraction, e.g. BM of renal glome-
ruli by disrupting the cell lining of the BM by extensive 
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sonication, separating fna BM from cell membranes and intrace-
llular material by low speed centrifugation. Another method 
was based on the selective solubilization of intracellular 
protein and plasma protein with triton x 100 and sodium deoxy-
cholate (Fukushi and Spiro, 1969; Kefalides and Knott, 1970; 
Westberg and Michael, 1970; Meezan et _al., 1974; Meezan et al., 
1975; Lingler et al., 1977; Robinson and Cotter, 1979; 
Mainardi et ad., 1980; Hung et al., 1980). 
The present study is concerned with the preparation of 
basement membrane from sarcolemma by selectively soli±)ilizing 
plasma membrane with triton x 100 according to Meezan et al« 
(1975). Since sarcolemmal preparation is devoid of any cyto-
plasmic component as already shown in Chapter III, it is easy 
to obtain pure BM and PM fractions from sarcolemma. These two 
fractions are useful for further studies on the structure and 
function of basement membrane and plasma membrane. 
MATERIALS AND METHODS 
Chemicals used 
Triton X 100 and hydroxyproline were purchased from 
British Drug House (India). Other reagents were same as des-
cribed in the previous Chapters, which were of analytical 
grade and highest purity available. 
Phase contrast microscopy 
Subsarcolemmal fractions, viz. plasma membrane and base-
ment membrane were studied under the phase contrast microscope 
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from ulympus Opticals Co. Ltd., Tokyo (Japan). 
Chemical determinations 
Protein was determined according to Lowry et aJL. (1951) 
using bovine serum albumin as standard. Total carbohydrate 
contents were measured by the method of Montgomery (1957) after 
thirty minutes digestion in boiling water bath with 60% KOH. 
Total sulfhydryl contents were estimated by the method of Sed-
lak and Lindsay (19681. Sialic acid was measured as described 
by Warren (19 59) after one hour hydrolysis in 0.1 N H SO at 
80°C. N-acetylneuraminic acid was used as standard. Procedure 
of Miyada and Tappel (1956) was used for hydroxyproline deter-
mination after 21 hour hydrolysis in 6 N HCl at 105°C. Lipid 
peroxidation by the method of Ohkawa et _al. (1978) using tetra-
methyoxypropane as external standard. 
Enzyme assay 
5'-Nucleotidase was assayed as reported earlier (zaidi 
et al., 1981). Phosphodiesterase I (E.G. 3.1.4.1) was measured 
by the method of Ostrowski and Tsugita (1961) as described in 
the previous chapter. 
SPS-polyacrylamide gel electrophoresis 
Sarcolemma treated with 0.18% (v/v) triton x 100 and 
insoluble fraction was solubilized in 1% (w/v) SDS, /.^ -^me reap to-
ethanol and 0.5 M Tris-HCl buffer pH 8.5 for 40 hours at 50°C. 
Electrophoresis was performed using 7.5% acrylamide gel following 
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the method of Zahler (197'4) . Gels were stained with coomassie 
brilliant blue R-250 following the method of Weber and Osborn 
(1969). Periodic acid-Schiff's reaction was used for the 
staining of glycoproteins according to the method of Fairbanks 
et al. (1971). 
RESULTS 
Preparation of sarcolemma from skeletal rruscle 
Saroolemma was prepared from frog (Rana Tigrina) skeletal 
muscle cell segments by the method as described in Second 
Chapter. Sarcolemmal tubes were hollow, transparent and free 
from all intracellular material as evident from morphological, 
chemical and enzymatic characterization described in the pre-
vious Chapter. 
Separation of plasma membrane (PH) and basement membrane (BM) 
from sarcolemma (sD 
Sarcolemma was treated with various concentrations of 
triton X 100 (Table l) stirred for two hours at 0°C to selec-
tively solubilize the PM leaving behind BM which can be centri-
fuged at 15,00 x g for five minutes. The supernatant was 
designated as plasma membrane and the sediment as basement 
membrane. Maximum amount of protein was released at a tritton 
X 100 concentration of 0.18% (v/v) which was dialyzed against 
distilled water at 0°C for 36 hours. 
Sediment was suspended in 0.25 M sucrose pH 7.0 adjus-
ted with 0.1 M tris for enzyme assays and in distilled water 
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Table 1 
Effect of triton x 100 concentration on solubilization 
of protein from sarcolemma 
Triton X 100 % sol-ubilization of 
concentration sarcolemmal protein 
(% v/v) 
0.06 13.0 + 2.5 (5) 
0.12 20.9 + 4.1 (5) 
0.18 31.3 + 5.3 (5) 
0.24 20.9 + 3.3 (5) 
0.30 16.4 + 1.6 (5) 
0.40 10.4 + 2.6 (5) 
Number in parenthesis are the number of experiments 
performed on separate preparations. 
Mean + S.D. 
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for raeasurement of total carbohydrate, sulfhydryl content, 
sialic acid and hydroxyproline content. Protein was estimated 
separately in both the cases by Lowry's method. 
Phase contrast microscopy 
Triton X 100 treatment collapsed the tubular structure 
of sarcolemma and attained a haphazard structure which was con-
sidered as basement membrane, while the plasma membrane was 
solubilized by triton x 100. Figure 2 and 3 are representati-
ve photomicrographs of the basement membrane left after triton 
X 100 treatment. 
Lipid peroxidation 
Lipid peroxidation was negligible in basement membrane 
preparation (Table 2) whereas in plasma membrane fraction 
appreciable amount of lipid peroxides were detected. 
Sulfhydryl content 
Sulfhydryl contents were measured separately in both 
basement membrane and plasma membrane. It was found higher in 
the BM (Table 3) . 
Enzymatic markers 
5'-Nucleotidase and phosphodiesterase I were measured 
in both PM and BM. Activities of both these enzymes were 
found to be concentrated in PM and very little in BM (Table 
4 and 5). 
Fig. 2. Phase contrast photomicrograph showing the sarco-
lemmal tube, collapsing after triton x 100 treat-
ment. (Magnification 2400 X). 
Fig. 3. Phase contrast photomicrograph shows that detergent 
treatment collapsed the tubular structure of sarco-
lemma and attained a haphazard structure. 
(Magnification 2400 x). 
' V rH' 
^ / 
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Table 2 
Lipid peroxidation in subsarcolemmal fractions 
Fractions Lipid peroxidation 
Plasma membrane 2.25+ 1.40 (3) 
Basement membrane 0.12 + 0.03 (3) 
Values are expressed as n moles of M.D.A. formed per mg 
protein. 
Number in parenthesis are the number of experiments per-
formed on separate preparations. 
Mean + S.D. 
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Table 3 
Distribution of carbohydrate and sulfhydryl contents in 
subsarCOlemma1 fractions 
Fractions ^^£^2l}y^£^^S_22"S5?}^ Sulfhydryl content 
Distribution /igs glucose/ Distribu- /igs/mg 
(percent) mg protein tion protein 
(percent; 
Basement membrane 8 6 . 4 + 4 . 6 1 8 8 . 6 + 2 5 . 4 8 0 . 0 + 1 0 . 5 4 . 1 + 1 . 3 
Plasma membrane 1 3 . 2 + 2 . 2 1 1 . 9 + 6 . 1 1 5 . ( > 5 . 0 1 .1+0 .7 
Values represent the mean of three separate experiments. 
Mean + S.D. 
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Table 5 
5'-Nucleotidase and phosphodiesterase I specific activities 
of sub-sarCOlemma1 fractions 
Enzyme Plasma membrane Basement membrane 
5'-Nucleotidase 25.72+12.75 (5) 0.42+0.08 
Phosphodiesterase I 8.24+4.16 (5) 1.50+0.04 
Values are expressed as yu moles of *Pi' released per mg 
protein per hour at 37°C (5'-nucleotidase) and /^ moles of 
p-nitrophenol released per mg protein per hour at 37°C 
(phosphodiesterase I) 
Mean + S.D. 
Number in parenthesis are the number of experiments performed 
on separate preparations. 
/^^^.5r 
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Carbohydrate content 
Total carbohydrate content was maximum in the BM 
(Table 3). Sialic acid was higher in PM fraction. Although 
BK was also having sialic acid content but in lesser amount as 
shown in Table 6. 
Collagen content 
Hydroxyproline a characteristic constituent of collagen 
and basement membrane, could not be detected in the plasma 
membrane in appreciable amounts. Its content was negligible 
in PM as compared to the BM (Table 7). 
SPS-polyacrylamide qel electrophoresis 
On acrylamide gel electrophoresis triton x 100 soluble 
fraction yielded only four protein bands. A considerable 
amount of protein did not migrate in the gel and stayed at the 
top of the gel. Basement membrane fraction had 7 protein 
bands. The miolecular weight of these proteins ranged from 
14,000 to 66,000 by comparing with molecular weight markers. 
Using periodic acid-Schiff's stain, 2 bands in PM and two 
bands in BM were observed. Protein and glycoprotein profile 
are given separately as shown in Fig. 4 and 5, 
DISCUSSION 
The aim of the present studies was to characterize the 
sarcolemmal preparation by separating it into basement membrane 
and plasma membrane. The sarcolemmal preparation obtained 
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Table 6 
Sialic acid contents of sub-sarcolemmal fractions 
Fractions Sialic acid 
(n moles/mg protein) 
Plasma membrane 12.13 + 8.27 (5) 
Basement membrane 2.36 _f 1*24 (5) 
__________ 
Number in parenthesis are the number of experiments 
performed on separate preparations. 
80 
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by 'toluene-LiBr method' was characterized for plasma membrane 
markers (Chapter II and III). 
In order to solubilize plasma membrane (PM) from skele-
tal muscle sarcolemma (SL) by using triton x 100 according to 
the method of Ferdman e_t _al. (1970). It was claimed that 
triton X 100 solubilizes all the intracellular proteins and 
plasma membrane leaving behind basement membrane (BM) only. 
Studies revealed that a concentration of 0.18% (v/v) 
triton X 100 was sufficient to solubilize the PIi and increa-
sing the concentration of triton x 100 did not increase the 
release of protein. Meezan _et _al. (1978) used 3% (v/v) triton 
X 100 followed by deoxychelate and DNAase treatments for com-
plete extraction of all intracellular material. Their star-
ting material was total homogenate, while our sarcolemmal pre-
paration was free from ir.-_racellular contents. Therefore, 
there was no need for subsequent deoxycholate and DI^ lAase treat-
ment to our sarcoleiTimal preparation. Only mild triton x 100 
treatment was sufficient to separate BM and PM. In light mic-
roscopy under phase contrast microscope the isolated basement 
membrane was ,similar to that published by Hudson (1978) from 
Ascaris suum intestinal BM. 
Basement membrane had negligible amount of 5'-nucleoti-
dase and phosphodiesterase I activities. Host of the enzyme 
was solubilized by triton x 100 and was detected in the solu-
ble fraction. 
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Sialic acid was also solubilized by triton x 100 and 
only small amount was present in the BM fraction. The BM was 
characterized by measuring its characteristic amino acid hydro-
xyproline. Basement merrbrane had the highest content of hydro-
xi^proline suggesting the collagenous nature of BM as reported 
earlier (Kefalides, 1978). Carbohydrate content was found 
highest in the BM which is in confirmity to the idea that BM 
is a protein polysaccharide coat and protein being of glyco-
protein nature. Lipid is a constituent of PM and not BM, this 
fact was studied for the first time in this preparation in the 
form of lipid peroxidation. Very little lipid peroxidation 
lipid 
was observed in the BM, while/peroxidation value was high in 
PM. 
Further proof that the preparation was pure BM comes 
from the studies on the ,.DS-polyacrylamide gel electrophoretic 
protein profiles. The insoluble material of BM was soluble 
in 1% (w/v) SDS only after incubation for 4 0 hours at 5 0°C and 
resolved into 7 bands on gel electrophoresis. On acrylamide 
gel electrophoresis triton x 100 soluble fraction yielded only 
four protein bands while a considerable amount of protein did 
not migrate in the gel and stayed at the top of the gel. These 
proteins were in the molecular weight range 14,000 to 66,000 
daltons. This observation is in confirmity to the idea given 
by Wallach (1972) that triton x 100 does not solubilize the 
membrane like ionic detergent SDS, etc. hence high molecular 
weight protein and lipoprotein complexes were left at top of 
the ge1. 
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Triton x 100 treatment solubilized the PM completely waff 
evident from 5'-nucleotidase and phosphodiesterase I enzyme 
specific activities. Sialic^cid content was six times more in 
PM compared to BM. Sialic acid is reported to be present 
mainly in PM^ only small amount is reported to be present in 
BM (Kefelides, 1977). 
5'-Nucleotidase specific activity in sarcolemma was 
reported to be 2.96, After solubilization of PH and removal 
of BK, the specific activity of this enzyme in solubilized PM 
was found to be increased to 25.72, while BM had specific acti-
vity 0,42. The protein distribution of sarcolemma into PM and 
BM, revealed that 8C% of the protein was present in the BM 
fraction. This explains why specific activity of 5'-nucleoti-
dase was low in sarcolemma. 
In most of the studies on PM isolation and characteriza-
tion the presence of BM was ignored resulting into erraneous 
results as far as the protein composition and lipid protein 
ratio was concerned. The BM being an enzymatically inert 
layer on the outerside of the PM should not be -included in the 
studies on PM, 
Lipids are mainly located in the PM, however, it was 
found that some lipid peroxidation takes place in BM which 
might be due to the left over PM or the BM might contain some 
lipid. 
Triton x 100, a non-rionic detergent was found to create 
holes similar to those of toluene on SL surface. But organic 
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solvent like toluene was preferred over detergent due to 
various advantages of water immiscible nature of the solvent. 
Conclusively, attempts were successful in separating the 
SL components as evident by characterizing them separately. 
This is the first report on the studies of sarcolemma 
isolated from frog skeletal muscle in which plasma membrane and 
basement membrane both were intact and detailed studies were 
carried out according to their chemical composition and enzy-
matic make up. The approach followed was to isolate sarcole-
mma under mild conditions and then separate the PM and )BM for 
further studies. 
CHAPTER V 
2+ . .. 2+ STUDIES ON (Ca.^  + Mq )-ATPase OF SARCOLEMMA 
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INTRODUCTION 
• • I • • • ^ — — • • — ••!•••• I I 
Sarcolemma and sarcoplasmic reticulurri are considered to 
2+ play an important role in the Ca homeostasis of the cell, 
which, in turri/ controls the excitation-contraction coupling 
2+ 
of muscle cells. Although the intracellular movements of Ca 
during muscle contraction and relaxation have been studied 
2+ 
extensively, the role that Ca flux across the sarcolemma 
plays in excitation-contraction coupling is not well under-
2+ 
stood. Ca stimulated ATPases have been reported to exist in 
the plasma membrane of several cell types (Lee and Shin, 1969; 
Sulakhe et aj.., 1976; Daniel et _al., 1979; Danger _et _al., 1982) 
including skeletal rnuscle (Peter, 1970; McNamara ^ ^ . , 1971; 
Sulakhe e_t a_l., 19 73). The presence of such an enzyme in sar-
2+ 
colemma imply that a "Ca -pump" exists which plays a vital 
role in excitation..-contraction phenomena of muscle. Evidence 
2+ for the existence of a distinct ATP driven Ca -pump can be 
found in recent literature in cardiac sarcolemma (Hui et al., 
1976; Lamers and Stinis, 1980; Caroni and Carafoli, 1980) 
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and also in smooth muscxe PM (Daniel _et _al./ 1979). Contradi-
2+ 2 + 
ctory reports are available about the presence of (Ca + Fig ) 
i^ -TPase in sarcolemma (Harigaya and Schwartz, 1969; Katz et al», 
1970; Hui and Drummond, 1976; Dhalla _et ^ . , 1977; Jones _et al., 
1979; Sulakhe and Louis, 1980; Kwan, 1982). 
However, recently, Iiorcos and Druirimond (1980) have given 
2+ 2+ 
additional evidence that (Ca + Mg )-/iTPase reside in the 
2+ 
sarcolemma. The sensitivity of the sarcolemmal enzyme to Ca 
2+ + + 
ions was dependent on Mg and was stimulated by K and Na 
ions. Spitzer et _al. (1981) provided further evidence, that 
2+ 
the Ca -pump is indeed localized in the sarcolemma. Their 
experimental results clearly point out the existence of a sar-
colemmal "calcium pump", which possibly represents a functio-
nal mode of (Na + K""" )-ATPase or Ca^"^^-dependent ATPase sensi-
2+ 7+ 
tive to digitalis compounds. (Ca + W- )-ATPase v/as also 
reported in smooth muscle plasma membrane (Kwan, 1982; Kwan 
and Ram Lai, 1982). 
2+ Langer _et _al. (1982) also reported the presence of Ca 
2+ 2+ pump in sarcolemma, which is regulated by (Ca + Mg )-ATPase. 
2+ 2+ Preliminary studies on the frog sarcolemimal (Ca + Mg )-
ATPase are presented in this chapter. 
I4ATERIALS AND METHODS 
Chemicals used 
Mops, Tris, EGTA and disodium salt of ATP were purchased 
from Sigma Chemical Co., St. Louis, U.S.A. All other reagents 
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were of highest purity available. 
Preparation of enzyme 
Sarcoleirma was prepared by the method as earlier descri-
bed from frog skeletal muscle and used for enzyme activity 
(Chapter II). huscle surface membrane was also prepared from 
frog skeletal muscle in the form of vesicles by density gra-
dient centrifugation method of Kidwai et _al. (1971). Activity 
2+ 2+ 
of (Ca + Mg )-ATPase was assayed by the method of Trumble 
et al, (1981) and Kwan (19 82) separately after slight modifica-
tion. 
2+ 2+ Measurement of (Ca + Mq )--ATPase activity in sarcolemma 
(Ca^ "^  + Mg^'^)-ATPase (E.G. 3.6.1.3) was measured at 37°C 
in a medium containing 50 rrM Hops-Tris buffer (pH 7.2), 160 irt4 
KCl, ':3 rrM MgCl and 2 r\\' CaCl2/ 2 ITM E^TA, 3 mM Na ATP, and 
2+ 
suitably diluted enzyme preparation. Ca -activation was seen 
2+ by taking a control without adding Ca in presence of EGTA 
2+ 
and Fig . In all experiments, reaction time was not more than 
15 minutes. Reaction was stopped by ice cold TCA (10%, w/v). 
After centrifugation 'Pi' was measured in clear supernatant by 
the method of Fiske and Subba Row (1925). 
RESULTS 
Density gradient centrifugation method:(Ca + Mq )-ATPase 
activity in different fractions 
Three subcellular fractions, viz. PM, SR and mitochond-
rial were obtained by density gradient method from frog skeletal 
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muscle homogenate. (Ca'^ "^ + Mg )-/^ TPase was monitored in all 
the three subcellular fractions. The specific activity of the 
t;nzyute was highest in SR fraction (1.3845 yj. mole/mg protein/ 
mt) while much lower in Pi-i fraction (0.3948 /a mole/mg protein/ 
mt) and least in mitochondrial fraction (0.03 096 /i mole/mg 
protein/mt). 
Effect of Ca^ "*" and Mq ions on the'. Ca "*" + Mq "^)-ATPase of 
sarGOlemma 
2+ 2+ Effects of varying concentration of Ca and Mg ions 
on the activity of enzyme was studied. Calcium concentration 
from 0 rriM to 5 mM and magnesium concentration from 5 m^ i to 0 mFl 
were taken as shown in Table 1. It was found that in sarcole-
mma, prepared by toluene-lithium bromide method the optimial 
2+ 2+ 
ratio of Mg and Ca ions for maximal enzyme activity was 3:2, 
2+ 2+ At the above ratio, maximum specific activity of (Ca + Mg )-
2+ ATPase was observed, while higher concentration of Ca causes 
inhibition of enzyme activity, 
2+ 2+ For the assay of (Ca + Mg )-ATPase two miethods were 
chosen as shown in Table 2, i.e. method of Kwan (1982) and 
Trunble et ^.(1981). Method of Kwan (1982) was better for the 
2+ 2+ 
assay of (Ca + Mg )-ATPase than the method of Trumble _et al. 
(1981). 
Effect of enzyme concentration 
The reaction was dependent on enzyme concentration. As 
shown in Fig. 1, as the concentration of enzyrae increases the 
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Table 1 
Effect of different concentrations of activator metal ions on 
2+ 2+ 
(Ca - Mg )-MTPase of frog skeletal muscle sarcolemma 
EGTA Ca^ "^  Mg Specific activity 
(rriM) (rrM) (rrM) ( xx mole/mg protein/mt) 
X 10"-^  
45.4 + 5.6 (3) 
48.3 + 5.7 (3) 
58.8 + 7.4 (3) 
48.8 + 5.2 (3) 
47.5 + 4.1 (3) 
47 1 + 5.3 (3) 
40.0 + 4.5 (3) 
Number in parenthesis are the number of experiments performed 
on separate preparations. 
Mean + S.D. 
2 . 0 
2 . 0 
2 . 0 
2 . 0 
2 . 0 
2 . 0 
2 . 0 
0 . 0 
1 . 0 
2 . 0 
3 . 0 
4 . 0 
5 . 0 
5 . 0 
5 . 0 
4 . 0 
3 . 0 
2 . 0 
1 . 0 
0. : 
5 . 0 
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Table 2 
Specific activities of sarcoleminal ATPases by different methods 
Methods of assay Mg -^ \TPase Ca -/^TPase (Ca + Mg )-ATPase 
(/a moles/mg (/li moles/mg ^/Ai moles/mg pro-
protein/mt) protein/mt) tein/mt) 
X 10~^ X 10"^ X 10"^ 
Truirible _et al. 14.2+4.3 (3) 1.5+0.7 (3) 15.7+5.3 (3) 
Kwan 49.5+8.4 (3) 8.2+2.2 (3) 57.6+10,7(3) 
Mean + S.D. 
Number in parenthesis are the number of experiments performed on 
separate sarcolemmal preparations. 
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activity also increases. Activity is shown in enzyme units. 
Effect of substrate concentration 
According to the Fig. 2, initially the reaction rate 
increases with the increase in" substrate concentratiop, while 
all the other parameters, i.e. enzyme concentration and acti-
vator ion concentration were kept constant. The limiting velo-
city was attained at. a concentration of 4 iri^l ATP. Km value of 
2+ 2+ 
this Ca activated Mg -dependent enzyme in our sarcolemmal 
preparation was about 11 raM. 
Effect of pH 
Effect of varying pH range from acidic (pH 6.0) to 
alkaline (pH 8.5) was studied. On the activity of (Ca + Mg^ "*"). 
A'TPase. It was found that pH 7.0 was appropriate for maximum 
activity of Mg -ATPase -.nd (Ca + Mg )-ATPase whereas for 
2+ 
Ca -ATPase pH 7.5 was suitable. Therefore, pH 7.2 was chosen 
for all the experiments. .Figure 3 shows that this enzyme is 
sensitive towards pH. 
Effect of temperature 
Varying temperature range from 25°C to 45°C was tried 
for incubation. As shown in Fig. 4, 37°C is most suitable for 
maximal activity of all the three enzymes, i.e. Ca^"*"-ATPase, 
Mg^"^, Mg^^-ATPase and (Ca^ "^  + Mg^"^)-ATPase. 
Effect of time 
Various incubation periods were chosen for optimal 
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reaction time for maximum enzyme activity, AS evident from 
Fig. 5, 20 minutes incubation time is best for the activity of 
(Ca^ "^  + Mg^"^)-ATPase as well as for Mg ^-ATPase whereas for 
Ca^ '*"-^ ATPase, 15 minutes time is sufficient, therefore, 15 minu-
tes inciibation time was kept in all the experiments. 
DISCUSSION 
The present studies have demonstrated the presence of 
(Ca + Kg )-ATPase in ftog skeletal muscle sarcolemma. The 
activity of the enzyme which was observed in the sarcolemmal 
preparation cannot be attributed to the presence of myosin or 
myofibrillar contaminants, as shown before by the absence of 
myosin ATPase in Chapter III. 
Moreover, the lack of influence of K (used in the assay 
2+ 2+ 
mixture) on (Ca + Mg )-ATPase of sarcolemima also supports 
this view. 
As already discussed, in Chapter III, under phase con-
trast microscope, the sarcolemmal preparation appeared as empty, 
hollow sacs of membrane and was devoid of the myofibrillar, 
nuclear, or mitochondrial contaminants. Therefore, the acti-
vity which was exhibited by sarcolemma was only due to the sar-
colemmal enzyme and not due to sarcoplasmic reticulum enzyme. 
These findings were in confirmity with those reported by 
Trumble et al. (1980); Caroni and Carafoli (1980); Kwan (1982); 
Kwan and Ram Lai (1982) that sarcolemma or PM contains an ATP-
2+ 
dependent Ca transport system that can be clearly 
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differentiated from that of sarcoplasmic reticulum, according 
2+ 
to them, sarcolemmal membrane preparations exliibit a Ca 
activated, Hg -dependent ATPase activity, which was entirely 
2+ 2+ 
different from the (Ca + Mg )-ATPase of sarcoplasmic reti-
culum. 
In order to check further the above controversial views, 
the muscle surface m.entorane was prepared by widely used den-
sity gradient method along with the 'toluene-LiBr' method. 
Enzyme activity measured in all the three fractions, viz. pla-
sma membrane,sarcoplasmic reticulum and mitochondrial, which 
were obtained by density gradient method. It was found that 
2+ 2+ 
the (Ca + Mg )-/iTPase specific activity was very high in 
the sarcoplasmic reticulum fraction as compared to the mito-
chondrial and plasma membrane fractions. Therefore, the low 
activity of the enzyme in sarcolemma prepared by 'toluene-LiBr' 
2+ 2+ 
method is a further proof that (Ca + Mg )-ATPase does exist 
^ 2 + . . . 
m sarcolemma as Ca pump is not so active in sarcolemma com-
pared to sarcoplasmic reticulum (Langer et al., 1982). 
The specific activity of (Ca^ "*" + Mg^"**)-ATPase enzyme in 
frog skeletal muscle sarcolemmal preparation was 3.52, which 
was very low as compared to the recently reported value of 
26.4 by Trumble et al.. (1981) in cardiac sarcolemma. The 
difference may be attributed to the contamination of cardiac 
sarcolemma by sarcoplasmic reticulum. 
Recently, a different approach was used by several 
investigators (Levitsky et ai^., 1976; Junes ^ _al., 1979; 
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Lamers and Stinis, 1980). They isolated from a crude cardiac 
microsomal fraction, those microsomes which were able to take 
9+ 
up Ca in the presence of ATP, by loading them with calcium 
oxalate, phosphate or maleate. This procedure artificially 
increased the buoyant density of the vesicles, thus enabling 
their separation from other membrane vesicles by density gra-
dient centrifugation. This approach suffered from two major 
disadvantages, first, the long and laborious procedure yields 
membrane vesicles heavily loaded with calcium oxalate or phos-
phate which is likely to alter the properties of enzyme located 
in the vesicular membrane thus rendering the preparation unsui-
table for enzymatic studies. Secondly, whether or not the 
enzyme located in the sarcoplasmic reticulum fraction or sar-
colemma, the origin of the resulting membrane vesicles remains 
to the established. 
Present sarcolemmal preparation is best for the study 
of this enzyme as the preparation is not broken into vesicles 
and hence the chanc^^s of contamination of sarcoplasmic reticu-
lum are least. The sensitiveness of this enzyme was seen 
2+ towards pH, temperature and activator cations, i.e. Ca and 
2+ 
Mg . It was found that the enzyme is very specific in nature 
and narrow range of concentration of activator ion is required 
to show the maximal activity. The specific activity of enzyme 
is somewhat lower than reported by others probably in heart and 
other tissues is due to present of basement membrane in sarco-
lemma. 
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2+ 2+ Studies on the kinetics of the sarcolemnmal (Ca + Mg )-
ATPase, will be very helpful for further studies on this enzyme. 
^n attempt was made to use this enzyme as a test system for 
xenobiotic toxicity on muscles. 
CHAPTER V I 
ACTION.OF XENOBIOTICS ON SARCOLEMMA 
-J- L> #-w 
INTRODUCTION 
The cell membranes serve both to separate cell contents 
from their environment and to accumulate or eliminate selecti-
vely components of that environment. Thus, on the one hand, 
metabolic energy is utilized to build ion gradient across the 
membrane (e.g. via (Na"*" + K'^)-ATPase or (Ca'^ "^  + Mg^"*")-ATPase 
+ + 2+ 
which regulates the Na , A -pump and Ca -pump in the membrane) 
whereas,on the other hand,the limited passive permeability 
(or resistance)of membrane allows these gradients to .^ be main-
tained. Thus, energy may be stored for use in coupled trans-
port of nutrients or the generation of action potential 
(Pritchard, 1979). 
Over the last several decades, there has been an 
increasing realization that a wide variety of xenobiotics act, 
not only on the relatively homogenous solution that comprises 
the cell interior but also directly on the membranes trans-
port processes. These include the surface membrane or plasma 
membrane as well as intracellular membranes. The membrane is 
103 
an ever changing sensitive and important cellular organelle, 
whose dynamic balances may be altered by toxic sxjbstances. 
Exposed location and functional importance of cell membrane 
makes them likely sites for the toxic effects of xenobiotics. 
Interaction of toxic compounds with either the protein or 
lipid components of cell membrane may substantially alter mem-
brane function. Several examples are presented in which xeno-
biotics significantly alter membrane function. These includes 
the effect of heavy metals and pesticides on passive ion per-
meability, impairment of osmoregulation, Na ^ K -transport and 
2+ Ca -transport. 
The study of interaction of foreign compounds with mem-
the 
branes might add to/understanding of the mechanism of toxicity 
and membrane function. The effect of pesticides on membrane 
a. 4- 2 + 
enzymes, for example, Na - K - ATPase, Mg -ATPase and 
5'-Nucleotidase \}nc studied. Nitrate and fluoride were also 
used to test the toxicity on membrane enzymes, for example, 
(Ca •*" + Mg^"*")-ATPase and 5'-nucleotidase. 
MATERIALS AND METHODS 
DDT, BHC, Aldrin and Endosulfan were procured from Hin-
dustan Insecticides Ltd., New Delhi (India) and Krishi (India). 
SDS, Butanol, NaClO , NaNO and NaF were purchased from British 
Drug Houses (India). All other chemicals were the same as 
described in the previous chapters. 
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The methods for the assay of (Na + K )-ATPase (Ca + 
Mg^'^)-ATPase and 5'-Nucleotidase were the same as given in ear-
lier chapters. Except, while seeing the effect of pesticides 
on (Na"^  + K"'')-ATPase, pesticides in ethanol (10%, v/v) were 
added before adding ATP. Ethanol was added in all the tubes. 
The final concentration was 1% (v/v), which was not inhibitory 
to the enzymes. Solutions of NaNO and NaF were made in triple 
glass distilled water and pH was adjusted with 0.1 M Tris. 
Protein was estimated in each case by Lowry's method (1951) 
after TCA precipitation and dissolving in 0.1 N NaOH. 
Polyacrylamide gel electrophoresis was performed to study 
the effect of different membrane solubilizing agents like 
Triton x 100 and SDS as detergents, NaTCA and NaClO as chao-
tropic agent, NaF as antichaotropic agent and butanol as orga-
nic solvent. For electrophoresis, the same procedures were 
followed as given in earlier Chapters III and IV, 
Effect of chloroform:methanol mixture on sarcolemma was 
studied under phase contrast microscope. 
RESULTS 
Effect of pesticides on (Na + K )-ATPase and 5'-Nucleotidase 
of sarcolemma 
The action of pesticides on frog sarcolemmal (Na"^  + K"^  ) _ 
ATPase and 5-'-Nucleotidase was studied. From the results 
obtained (Table 1), it was found that ouabain reduced the spe-
cific activity of enzyme from 165 to 152. The difference 
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Table 1 
Effect of pesticides on (Na + K )-ATPase 
Additions Specific activity 
2+ + + 
1. Mg*^  + Na + K 
2. Mg^"^ + Na"*" + K"*" ouabain (10 mM) 
3. Mg^ "^  + Na"*" + K"*" DDT (0.03 rrM) 
4. Mg^"^ + Na"*" + K""" aldrin (0.03 rrM) 
5. Mg^ "*" + Na"*" + K"^  B H C (0.03 rrM) 
6. Mg^ "^  + Na"^  + K"^  endosulfan (0.03 mM) 
164.90 (5) 
152.47 (5) 
148.37 (5) 
135.74 (5) 
142.62 (5) 
143.34 (5) 
Spec:'fie activity was expressed as /igs of 'Pi' released per 
mg protein per hour. 
Nurriber in parenthesis are the number of experiments performed 
vjn separate preparations. 
The values are mean of five experiments. 
DDT-Dichloro diphenyl trichloroethane 
BHC - Benzene hexachloride 
106 
between the two was taken as Na^ + K -ATPase of enzyme. 
Adding DDT in a concentration of 0,03 rrfA reduced the enzyme 
activity to about the same as did ouabain. Endosulfan, aldrin 
and BHC reduced the Na"^  + K"^-ATPase activity much below the 
ouabain and DDT level. Probably, these pesticides inhibit Na + 
K"''-ATPase as well as Mg -ATPase or Mg -ATPase alone is inhi-
bited. 5'-Nucleotidase was not effected by any pesticides in 
the concentrations used above. 
Effect of fluoride on 5'-nucleotidase of sarcolemma and plasma 
membrane 
Plasma omembrane was isolated from sarcolemma as descri-
bed earlier in Chapter III. Inhibition due to various concen-
trations of fluoride on the specific activity of 5'-Nucleoti-
dase of sarcolemma and plasma membrane was studied separately. 
As shown in Table 2, per cent inhibition of fluoride is more 
in plasma membrane than in sarcolemma even at low concentra-
tions of fluoride. However, the inhibition in the plasma mem-
brane enzyme is unaffected .at high concentration tested, i.e. 
the inhibition comes to saturation at about 12 0 yugs/ml fluo-
ride concentration. Whereas in sarcolemma inhibition increa-
fluoride 
ses with increase ijt/concentration upto 16 0 /ugs/ml, 
2+ 2+ Effect of nitrate on (Ca + Mg )-ATPase of sarcolemma 
Effect of different concentrations of nitrate was seen 
on the activity of sarcolemmal ATPases such as Ca^"^-ATPase, 
Mg "^ -ATPase and (Ca^ "^  + Mg^"^)-ATPase (Table 3), First, the 
107 
Table 2 
Effect of fluoride on 5'-Nucleotidase specific activity of 
sarcolemma and plasma membrane 
C o n c e n t r a t i o n 
f l u o r i d e ( i n 
10 
20 
30 
40 
50 
6 0 
120 
160 
200 
of 
mgs) 
^ 
Sarcolemma 
( s p e c i f i c a c t i v i t y 
% i n h i b i t i o n ) 
3 5 . 4 5 + 3 . 2 5 
4 0 . 3 0+4.2 0 
5 0 . 6 2 + 3 . 7 2 
6 6 , 6 6 + 2 . 5 4 
7 0 . 2 4 + 2 . 3 2 
7 Z . 3 0 + 3 . 1 8 
8 3 . 5 8 + 4 . 1 0 
9 4 . 8 7 + 2 . 2 3 
9 8 . 9 9 + 1 . 0 0 
( 3 ) 
( 3 ) 
( 3 ) 
( 3 ) 
( 3 ) 
(3 ) 
(3 ) 
(3 ) 
( 3 ) 
Plasma membrane 
( s p e c i f i c a c t i v i t y 
% i n h i b i t i o n ) 
1 2 . 6 5 + 4 . 2 5 
2 5 . 2 8 + 5 . 7 2 
2 5 . 2 8 + 5 . 7 2 
3 2 . 9 8 + 8 . 3 2 
3 7 . 9 2 + 5 . 8 6 
5 0 . 5 5 + 6 . 1 0 
(3 ) 
(3 ) 
(3 ) 
( 3 ) 
( 3 ) 
(3 ) 
6 2 . 6 5 + 1 0 . 5 0 ( 3 ) 
6 2 . 6 5 + 1 2 . 2 5 ( 3 ) 
6 2 . 6 5 + 1 1 . 3 0 ( 3 ) 
Mean + S.D. 
Number in parenthesis are the number of experiments perfor-
med on separate prep>arations. 
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Tabie 3 
Effect of different concentrations of nitrate on specific 
activities of sarcoleinmal enzymes 
r 
Concentration 
of nitrate 
(in ni^i) 
20 
40 
60 
80 
100 
120 
240 
360 
480 
600 
Ca -^TPase 
sp. activity 
% inhibition 
22.6+8.4 (3) 
43.3+5.2 (3) 
45.3+5.9 (3) 
48.6+7.5 (3) 
49.6+6.4 (3) 
70.3+8.2 (3) 
73.8+9.5 G ) 
-
^ 
Mg -ATPase 
sp. activity 
% inhibition 
1.6+1.0 (3) 
5.8+2.5 (3) 
7.4+1.8 (3) 
14.6+4.6 (3) 
19.5+4.6 (3) 
35.3+3.6 (3) 
68.8+4.2 (3) 
72.8+3.5 (3) 
72.8+3.4 (3) 
77.9+3.5 (3) 
f 
Ca^ "^  + Mg^"^-ATPa 
sp. activity 
% inhibition 
10.4+2.2 (3) 
21.1+3.4 (3) 
21.5+4.1 (3) 
26.5+3.2 (3) 
31.9+4.7 (3) 
46.4+4.5 (3) 
59.7+7.2 (3) 
80.6+2.1 (3) 
81.9+0.9 (3) 
84.7+0.5 (3) 
Mean + S.D. 
Number in parenthesis are the number of experiments performed 
on separate preparations. 
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effect of nitrate on the above ATPases from 10 to 100 rrM nit-
rate concentration was studied and found considerable inhibi-
tion on the enzymes. Then by increasing the concentration of 
nitrate from 120 to 600 rrM (.6 M), inhibition was observed. It 
2+ 2+ 
was found that 0.6 M nitrate inhibited the (Ca + Mg )-ATPase 
activity upto 85%. 
Effect of fluoride (antichaotropic agent) and nitrate (chao-
tropic agent) on sarcolemma 
Effect of fluoride and nitrate was studied on sarcolemma. 
In both the cases release of protein from sarcolemma was esti-
mated at different temperature and pH- Fluoride (200 ^ mole/ 
ml) releases negligible amount of protein from sarcolemma both 
at O^C and SVC. However, nitrate extracts out appreciable 
amount of protein from the sarcolemma. Different concentra-
tions of nitrate were tried for the solubilization of sarcole-
mma in 15 minutes at 0°C (Table 4). It was >found that, 0.6 M 
nitrate was sufficient to release maximum protein from sarcole-
mma. Further increase in nitrate concentration was not much 
effective. But pH -has very pronounced effect on the solubili-
zation of sarcolemma by nitrate. Optimal pH was observed to 
be 7.0 for solubilization purpose (Table 5) 
Effect of meiTbrane solubilizing agents on sarcolemma 
Chaotropic agents Na-TCA, NaClO^ (2 M, pH 7.0) and deter-
gents triton X 100, SDS {Q.3%. v/v, 1%, w/v) and organic sol-
vent butanol solubilized the sarcolemmal proteins to varying 
degree. 
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T,3ble 4 
Effect of different concentrations of nitrate on solubiliza-
tion of sarcolemmal proteins 
Concentration 
of nitrate 
in 'M' 
0.3 
0.6 
0.9 
1.2 
1.5 
1.8 
2.1 
2.4 
2.7 
3.0 
] % solubilized 
i"^ NaCi 1 
1 0.7+.2 (3) ; 
j 0.7+.2 (3) ' 
! l.CHr.3 (3) 
} 0.7+.3 (3) 
\ 0.7+.2 (3) 
< 
I 
{ -
• * 
J 
sarcolemmal protein 
NaNO 
2.CH;;0.7 (3) 
7.6+1.0 (3) 
8.0+0.2 (3) 
7.5+0.4 (3) 
8.0+0.4 (3) 
7.8+0.6 (3) 
^ 7.8+0.6 (3) 
^ 7.9+0.7 (3) 
\ 8.0+0.2 (3) 
; 7.5+0.1 (3) 
Mean + S.D. 
Sarcolemmal preparation (3750 yugs/ml protein) was treated 
with different concentrations of nitrate at S^C for 15 minutes. 
Solubilization with NaCl was observed as control. 
Number in parenthesis are the number of experiment performed 
on separate preparations. 
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Table 5 
Effect of pH on solubilization of sarcolemmal proteins by 
nitrate 
pH of the nitrate 
(.6 M) solution 
% solubilized sarcolemmal protein 
NaCl NaNO, 
2.0 
4.0 
6.0 
7.0 
8.0 
1.20+0.5 (3) 
I 1.25+0.4 (3) 
I 1.30+0.7 (3) 
I 1.35+0.5 (3) 
i 
j 1.25+0.4 (3) 
4.C+0,5 (3) 
4.6+1.3 (3) 
5.2+1.2 (3) 
8.1+2.0 (3) 
7.1+2.0 (3) 
Mean + S.D. 
Sarcolemmal preparation (3750 /ags/ml protein) was treated 
with nitrate solution of different pH at S^C for 15 minu-
tes. NaCl was kept as control. 
Number in parenthesis are the nurrber of experiments perfor-
med on separate preparations. 
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After solubilizing the sarcolemma by the treatment of 
these agents by stirring one hour in cold and centrifuging at 
2 000 X g for 3 0 minutes. 
On acrylamide gel electrophoresis the protein profiles 
obtained were as shown in Fig. 5, 
Triton X 100 and SDS fraction gives 4 and 11 protein 
bands respectively/ while NaTCA 4 protein bands and NaClO^ none. 
NaF and butanol each gives 2 prominent protein bands. Although 
some high molecular weight range of the proteins were from 
10,000 to 60,000 daltons. 
Effect of chloroform:methanol mixture on sarcolemma 
Chloroform:methanol in a ratio 2:1 was used. Sarcolemma 
was suspended in sucrose buffer and treated with chloroform; 
methanol mixture for five minutes, centrifuged and washed with 
distilled water several times by suspension and centrifugation. 
In the light microscope the sarcolemmal surface looked 
patchy. 5'-Nucleotidase was absent in treated preparation. 
After this treatment, either chloroform or methanol were unable 
to have similar effect as was observed by using the mixture 
(Fig. 1 to 4). 
Binding of nitrate with sarcolemma 
Binding of nitrate with sJrcolemma was studied by using 
nitrate ion electrode. Sarcolemma was treated with nitrate by 
stirring on a magnetic stirrer for one hour and centrifuged. 
Fig, 1, Phase contrast photomicrograph of a frog skeletal 
muscle cell segment as seen after homogenization 
and treating with chloroform:methanol mixture (2:1) 
Magnification 2400 X. 
Fig. 2. Phase contrast photomicrograph of a frog skeletal 
muscle cell segment after two hour extraction with 
LiBr and treating with chloroform:methanol mixture 
(2:1). Magnification 1200 X, ' 

Fig. 3. Phase contrast photomicrograph of a fine sarcole-
mmal preparation showing many holes on the surface 
of sarcolemmal tubes made by chloroform:methanol 
mixture. Magnification 600 X. 
Fig. 4. Phase contrast photomicrograph of a single tube of 
sarcolemma showing effect of chloroform:methanol 
more clearly. Magnification 15 00 x. 
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Then the nitrate was measured both in the supernatant and sedi-
ment (after dialyzing the sediment against triple distilled 
water for 12 hours and dissolving in 4% NaOH). It was observed 
that nitrate binds to the sarcolemma in trace amount (0.25 ng/ 
mg prote in)^  . 
DISCUSSION 
Among the organochlorine pesticides, DDT is known to 
disrupt functions of the axonic membrane, including those in 
the peripheral nervous system. It has been shown that several 
ATPases present in the neinrous system are inhibited by DDT 
(Matsumura and Patil, 1969; Koch, 1969; Janicki and Kinter, 
1971; Cutkomp et al., 1971; Desaiah ^ _al., 1974). DDT has also 
2+ been found to inhibit Ca -ATPase of nerve membrane (Matsum.ura 
and Ghiasuddin, 1979) as well as sarcoplasmic reticulum 
(Huddart et al., 1974; Price, 1976). 
The action of pesticides, on frog sarcolemmal Na + K -
ATPase and 5'-Nucleotidase was studied. Action of pesticides 
on frog skeletal muscle sarcolemmal enzymes has not so far stu-
died. It is known that ouabain in some tissues do not inhibit 
the enzyme completely while it seems DDT reduces Na + K -
ATPase much below the ouabain level. Endosulfan, aldrin and 
BHC inhibits the enzyme much below the DDT level. Perhaps, 
2+ + + 
these pesticides inhibits Mg -ATPase also along with Na + K -
2+ ATPase or Mg -ATPase alone is inhibited. 
5'-Nucleotidase reported to be an ectoenzyme (Woo and 
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Manery, 1975) is not affected by any of the above pesticides, 
with the same concentrations as used above. Therefore, the 
action of pesticides on muscle surface membrane (sarcolemma) 
is by inhibition of ATPases resulting into deleterious effect 
on transport and other energy requiring functions of muscle 
such as contraction. 
At low concentrations, inhibition of fluoride on the 5'-
Nucleotidase specific activity was more in solubilized plasma 
membrane from sarcolemma, than in the sarcolemma itself. Pre-
sumably, due to the structure covering the plasma membrane sur-
face, i.e. basement membrane which protect the enzyme from 
fluoride inhibition upto some extent. But the higher concen-
tration of fluoride show almost same extent of inhibition in 
sarcolemma. 
2+ Effect of nitrate on the Ca ATPases of sarcolemma is 
2+ interesting and the inhibition of enzymes can disrupt the Ca 
transport system of muscle membrane. Hence, the defects in 
the 'calcium pump' might alter the contraction relaxation phe-
nomena of muscle. There is no report uptil now on the effect 
2+ 2+ 
of nitrate on (Ca + Mg )-.ATPase activity of sarcolemma of 
frog skeletal muscle. 
Effect of fluoride (antichaotrophic agent known to sta-
bilize the membrane structure) and nitrate (chaotropic agent: 
known to destabilize the membrane structure)was studied on 
frog skeletal muscle sarcolemma. The characteristics of 
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fluoride and nitrate as antichaotropic and chaotropic agents 
were earlier described by Hatefi (1974). Although the inhibi-
tion of the enzymes by nitrate was obseirved, but the nature of 
inhibition is not clear, i.e. whether it is due to binding of 
nitrate at certain specific sites or due to destabilization of 
membrane. 
Fluoride was unable to solubilize sarcolemmal protein. 
Presumably, due to its chaotropic action to stabilize the mem-
brane. But considerable solubilization occur due to nitrate 
treatment with sarcolemma, perhaps, due to destabilization of 
membrane by disrupting hydrophobic interactions necessary for 
the integrity of the membrane. 
Membrane solubilizing agents like Triton x 100, SDS, 
NaTCA, NaClO., NaF and butanol have varying effect on sarcole-
mma, when treated with these solvents. This is evident from 
different protein profiles obtained by acrylamide gel electro-
phoresis. 
A very interesting effect of chloroform:methanol mixture 
(2:1, v/v) was observed on sarcolemma. Treatment of this mix-
ture for only five minutes gives a sarcolemmal preparation 
with small holes all over the surface. Although the nature 
and size of these holes was quite different from those created 
by toluene. 
As reported in literature, this solvent pair has :beGn 
widely used for lipid extraction of biological material (Folch 
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et _al., 1957; Renkonen et _al., 1963). Chloroform: methanol 
mixture was also used for solubilization of membrane proteins 
(Sherman and Folch, 1970; Gangnon et aj.., 1971; Hendricksen 
et _al., 1972). It is reported that the membrane glycoproteins 
become water soluble after membrane disintegration by chloro-
form: methanol mixture (Hamaguchi and Cleve, 1972; Capaldi, 
1973). 
Nitrate binding, in some experiments as measured by 
nitrate ion electrode, was observed. The mechanism of nitrate 
permeation and binding in frog skeletal muscle sarcolemma can 
be predicted as given by Venosa (1979). 
Role of nitrate as chaotropic agent was investigated by 
Hatefi (1974). Mechanism of permeability and binding studies 
of nitrate on sarcolemma are elaborated here. 
It is well established that under normal and various 
experimental conditions, the sarcolemma of twitch fibers is 
highly permeable to cl~ ions. Chloride, the most abundant 
anion, being highly permeant, is at equilibrium across- the 
cell surface membrane. However, the substitution of cl~ in the 
external solution, by virtually impermeant anion such as N0~ 
produces the transient changes in the membrane potential. Total 
replacement of cl~ by N0~ at physiological pH has no effect on 
membrane potential. If, suppose N0~ was as permeable as cl~, 
yet the membrane conductance is roughly halved in the presence 
of NO", suggesting thait permeability coefficient of N0~ is 
less than permeability coefficient of cl~• The substitution 
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of N O " from cl~/ however^ yields different results when it is 
done at extreme pH values. At pH 5.0, the replacement of 
external cl~ by N0~ produces hyperpolarization indicating tha'-
at that pH permeability coefficient of N0~ is greater than the 
permeability coefficient of cl~,while at pH 9.0, the order is 
reversed which creates depolarization, 
A comprehensive theory of nitrate interaction and pH 
effects on sarcolemma can be explained on the basis of the 
models having mutual interaction among several factors, such 
as cationic field strength of sites lining the walls of anio-
nic channels, the size of the anion, considered relative to 
that of the channel, its hydration shell, and mobility. In 
case of frog twitch fibers, it was proposed by Hutter et al. 
(1969) that N O " has greater permeability than cl" at normal 
pH due to the higher affinity of cationic sites of relatively 
low field strength for the larger and less hydrated anion. 
Therefore, the cationic sit6s had a higher affinity for N0~ 
than cl~ and this, in turn, was why N0~" was less mobile than 
cl within the membrane. In addition, presence of firmly 
bound N O " in the channel would obstruct the movement of cl~ 
and thus lower the permeability coefficient of cl~. In this 
way, twitch potentiation produced by nitrate could be due to 
its absorbability (which follows the same sequence as the 
twitch potentiation) to the external side of the membrane and 
the subsequenf.:alteration of the .electric field, which would, 
in turn, lower the mechanical threshold and the specific 
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function of muscle to transform chemical energy into mechani-
cal energy. 
Sarcolemma, being the target of various stimuli, would 
be effected by transient changes in potential and lowering of 
the mechanical threshold. 
Moreover, in the light of nitrate binding to the catio-
nic sites at the sarcolemma. The cause of inhibition of 
(Ca + Mg )-ATPase of sarcolemma can be predicted. Because 
2+ 
nitrate having high affinity to bind with the Ca lowers the 
concentration of calcium required for the activation of the 
enzyme. Although nitrate has no interaction with the Na , K , 
2+ pump and Ca -pump of sarcolemma directly but indirectly it 
can effect on both. 
Recently, Dulhunty (1982) has reported the effect of 
chloride withdrawl on the geometry of T-tubule in frog skeletal 
muscle. The increase in tubule volume was transient, and was 
inhibited by NO" which block chloride conductance. 
CHAPTER V I I 
SUMMARY AND CONCLUSION 
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study of muscle cell sxirface membrane (sarcolemma) was 
hampered by the difficulty in -isolating it in pure form. From 
time to time, several methods were reported for the prepara-
tion of plasma membrane from various muscles. These methods 
involve prolonged (16-30 hrs) salt extraction which may 
result into the damage of enzyme activities. Drastic homoge-
nization procedure follov/cd by density gradient centrifugation 
was used extensively which gives membrane a vesicular form. 
But these preparations were contaminated with other subcellu-
lar membranes. Moreover, drastic homogenization and high 
speed centrifugation were deleterious for enzyme activities. 
In order to overcome the above drawbacks a rapid and 
simple method was developed for the preparation of the sarco-
lemma from frog skeletal muscle. Property of toluene to make 
membrane permeable in bacteria and nuclei for large molecules 
has been previously shown. But this property of toluene was 
used for the first time in muscle to prepare sarcolemma. 
Skeletal muscle cell fragments made permeable to lithium 
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bromide by the treatment of toluene, lithium bromide extracts 
out all the intracellular materials in a short period of five 
hours only, leaving behind the pure sarcolemma. 
The final sarcolemmal preparation was hollow, transpa-
rent and -tube like in appearance when observed under phase 
contrast microscope. Toluene makes holes on the surface of 
membrane, which facilitates the rapid extraction of intrace-
llular material by LiBr. 
Sarcolemmal preparation was devoid of any other subce-
llular contamination as evident by the characterization of 
sarcolemma by its clear transparent morphological appearance, 
specific chemical composition and enzymatic markers. 
Cholesterol:phospholipid ratio was 0.33 in our sercole-
mmal preparation. It was in confirmity with the values repor-
ted by others for plasma membrane. Phospholipid composition, 
i.e. phosphatidyl-choline, phosphatidyl ethanolamine, phospha-
tidylserine, lysophophatidyl choline and sphingomyelin was in 
the same order as reported by other investigators. For further 
chemical composition total carbohydrate, total sulfhydryl con-
tent, sialic acid, DNA and RNA were also measured. 
Among enaymatic markers (Na + K )-ATPase specific 
activity was 11.54, which is higher when compared to other 
reported values in sarcolemma. 5'-Nucleotidase an ectoenzyme 
and phosphodiesterase I were also assayed as membrane markers 
and significant activities were present. K -activated ouabain 
JL (C t^ 
sensitive p-nitrophenyl phosphatase, acid phosphatase (pH 5.5), 
alkaline phosphatase (pH 7.5) and inorganic pyrophosphatase 
were also present. 
Since in sarcolemma PM forms the enzymaticallY active 
layer, the marker enzymes of PM were used as the positive mar-
kers for characterization of sarcolemma, while SDH and Myosin-
ATPase were used as negative markers. 
SDS-polyacrylamide gel electrophoretic profile of pro-
tein shows 11 prominent protein bands in sarcolemma under the 
experimental conditions used while four bands for glycoprotein 
were observed by Schiff's-periodic acid reaction. 
The above morphological, chemical, enzymatic and electro-
phoretic results showed that the 'toluene-LiBr' method yields 
pure sarcolemma. 
Sarcolemmal preparation was fvirther fractionated into 
its components, viz. plasma membrane and basement membrane. 
Plasma membrane was solubilized by non-ionic detergent triton 
X 100, leaving behind the sediment as basement membrane. Uptil 
now no biochemical study has been reported on the muscle base-
ment membrane, but it was necessary to study its biochemical 
composition due to its importance in transport and diseases. 
Morphologically, the basement membrane looked like a 
collapsed structure of sarcolemma, when studied under phase 
contrast microscope. Hydroxyproline content, a characteristic 
of collagen and basement membrane was measured and found 
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highest in basement meiribrane. 
Lipid peroxidation was -used for the first time as nega-
tive marker for basement membrane. It was highest in plasma 
membrane fraction. Protein distribution was 85% and 15% in 
basement membrane fraction and plasma membrane fraction of sar-
colemma respectively. Sialic acid was higher in plasma memb-
rane fraction. 
5'-Nucleotidase and phosphodiesterase I activity was 
found to be concentrated in the plasma membrane fraction and 
about 10 to 12 fold higher than that in sarcolemma and absent 
from basement membrane. 
SDS-polyacrylamide gel electrophoresis was performed 
both for plasma membrane and basement membrane proteins. Seven 
prominent protein bands were observed in basement membrane and 
four in the plasma membrane fraction. 
Effect of various other membrane solubilizing agents 
such as SDS, NaTCA, NaClO and butanol was observed along with 
triton X 100. Different protein profiles were obtained by 
acrylamide gel electrophoresis, but triton x 100 was found most 
suitable for separation of basement membrane from sarcolemma 
when compared with others. 
2+ 2+ 
(Ca + Mg )-ATPase was assayed in the sarcolemmal pre-
paration. It was observed that this enzyme was true sarcolemmal 
2+ 
enzyme probably due to Ca -pump present in the sarcolemma 
12i 
and not due to the contamination of sarcoplasmic reticulum. 
Because sarcoplasmic reticulum fraction is known to have much 
2+ 2+ higher value of (Ca + Mg )-ATPase as compared to the value 
present in the plasma membrane fraction. It is probably due 
2+ 
to Ca -pump being more active in sarcoplasmic reticulum than 
in the sarcolemma. 
2+ 2+ 
Sarcolemmal (Ca + Mg )-«TPase was very sensitive 
2+ 2+ towards activator ions (Ca and Mg ) ratio. For maximal 
activity of enzyme pH 7,2, temperature ST^C and 2 0 minutes 
incubation time was found optimum. This enzyme was stable for 
24 hours at 0°C and can be used for various studies of xenobio-
tics action. 
Effect of pesticides, viz. DDT, BHC, aldrin and sndosul-
+ • + 
fan was studied on sarcolemmal (Na + K )-ATPase and 5'-Nuc-
leotidase enzymes. (Na + K )-ATPase was inhibited by these 
FWJSticides appreciably while on 5'-nucleotidase no effect was 
observed with the concentrations of pesticides tested-
Effect of fluoride (antichaotropic agent: known to 
stabilize the membrane structure) and nitrate (chaotropic 
agent: known to destabilize the membrane structure) was stu-
died on sarcolemiTia. Protein release from sarcolemma by these 
agents at different concentration, pH and temperature was stu-
died. Fluoride was unable to release any protein from sarco-
lemma whereas nitrate released appreciable amount of protein 
at pH 7.0 and 0-5°C, probably due to destabilization of 
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membrane by breaking disulfide and H -bonds, which may be 
resulting in solubilization of membrane. 
Effect of fluoride on the 5•-nucleotidase specific acti-
vity of sarcoleioma and plasma merribrane was studied. Inhibi-
tion was more in case of plasma membrane than in sarcolemma 
perhaps due to the availability of more exposed active sites 
in the soluble plasma membrane than in the sarcolemma, in which 
plasma merribrane was encased by the basement membrane. Effect 
2+ 2+ 
of nitrate on (Ca + Mg )-ATPase of sarcolemma was monito-
red. Various concentrations of nitrate from 100 mM to 6 00 mM 
(0.6 M) were tried. The specific activity of enzyme decreased 
with the increase in nitrate concentration. Nitrate in a 
concentration of 0,6 M had maximum inhibition. Same concen-
tration was previously used while studying the effect of 
nitrate as chaotropic agent. Probably, the observed enzyme 
inhibition was due to destabilization of membrane by nitrate 
2+ 2+ 
or inhibition of the active sites of the (Ca + Mg )-ATPase 
of sarcolemma. It seems that nitrate binds to the sarcolemma 
in trace amounts as observed by the measxirement with nitrate 
ion electrode. 
Conclusively, our sarcolerrimal preparation is suitable 
for morphological, biochemical and toxicological studies. Its 
intact- shape as well as specific chemical composition and mar-
ker enzyme activities make the preparation ideal for various 
studies. The biochemical studies on the three membrane 
126 
preparations, viz. sarcolemitia^ plasma membrane and basement 
membrane altogether make an ideal group for the studies on 
their interaction with xenobiotics, which may result to mus-
cle diseases. 
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